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Jjljj W i*VL*SJU' j 4^ixl<j 44WI %L1 J^illi JUSljl flijlfcłH jj|iu Jfllal ^ 
jHluV< _diS JuJa d~ < m Mj ^i7yt b T ^t-i i jf 3uLLjt>Uh gLMllI kZib^lau ^ j“m %y duajjiU ^ iW - ! T t a <Ł_i_i jJill 
^ J 4 m ntl j J jLjLJLj jftrmrt V<tt 3 jJUl AjJ tj fŁjJjLJ '3 iLjJ >*]' JhiJi / 

tL«j£ll jJsLt jjMJfcl' 4 j_^i( tuli SjI£V JjLJi c_>G 5LH i yi))4 4SjLlk^j 3 Sjtjjlb gLl+-cxJI 

^LLTi l. 


3 ^J 1 k-łJi‘ 4*j^Ul OliLJiV' j Jł^b JuLLb jJ^b AjlSlil 4jjtUl tZualA JLdlj 
ikćUwj jjlcijj l l^Lwri jA wJliaJJ Lf JJl cl VI jb Uu ^ j j >-*i' jąŁ jl jJSUJi Jv* ( ' ) 

, (IlIjJjsJI 4 _ I 4 UT 1 Jjl4L^SfciVl 3u5ljX lZ.L m_ i i h J ;n I jA*J dJbLdj (*) 

, jUj^ LUłM l^ptii i Ą Ł^l”łJ 4 Jt j J< ^1 AaA $_Jl 3U>Jb i^ylj Jjn JlLc.£*a£A liJ j (T) 

. ju k_*ji i 4j^2j j OLc->uajuIi j-' 1 * 1 jJs A-^bjJi JibjUIU ^Uli Vi (t) 

„ iŁiUć ljUISY UU** LjpjLłti cljj.i wJLL łU £_Uj ^ll .jJłaj Jli ji (3) 

.^UUIł (MfeUall >łj>UI JLŁ£V1 jdAJ jlJUJ (1) 

c-JTLiiT 1 AIajuu M t^j (-jUSJi J Jjja Jj^ai J£ *Lu/lj j Jj* 3^ jlł Ja 1 jlł,V i JbJbu (V) 

-Aii> jic [tUŁlj 

. (łjlfciill <sJłLołŁi Jb^Jj ^Ui (A) 

*a UćUj L ^y£ju> UUj UJa iiJi Jp^lSUj wljpl *Uj ji ^jAt jf>J vj 3U3UJ< ^Ja wUSJlj 

. jjlul* AJuJj A^LU JjLij iŁil i^UdUtJji iLtlbJl Ul 1 kr3 Js c U ^-łSJi US uLi^Iju 

L^.^jlU^ 2U*>dJl j-oUI< ^ ai j15ujV> jf ^ 1 j i ^dJ T wi j«L > 4- ' i- b bbdl £ UUJil 
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5 j!xJł A jt L ' 1 J jVl uUi 


\ 1 o m 5 cS 11- mi u i*Ł ł J j jJ 1 *UU 

J^ikJ JJLumJI 'Xi ^k AjL*>U j l &:j^j“ i 3 jU' 3laU Jhc ^JLaJi XI* jL*jYl JcUj - 

j*Xl Ji AjjU 4_ji AjJau A_JLSXi (^jJLi jjŻ. ' 

Wł jł AjJ jjV i V c 1 >►' ^Jt JSju 4 J X>- 1 ÓS-ij . 1^1* _>■ -^«i j* U ^Jl ?l 

*( *cllom) 5^XJł | 4 ^w 1 4 jli* 1 jnlWl I *<n >» J ^- gJ 1 jj "r* a JS 

i^i 3 jXA? 3 jltfi 3 ^5 js j^uit £jt jji j^i ^ (Aristotle) - 

.(jUIIj Łjł jJji^ eljó^j tlli) s^pĄ Ajm ji JjIj^SU J>* '_ Aj LUj CuzlljLł 'U^ ji^ii Ji>) 

Lj^ąłlS a mjJi i .i,_ii i VI Ji* A^j i »>11 -> 1 >U Jj^sti *>Ł»J aUJjłJi ■ fcn~f i j 

. Aaj jVi tZiLj^SUl jXł j-łałLi JLUj j 
, i*k XłJ 1 Jyfl jJLSV c L_iłi£H fdk >j jVi i JX ILT d 4 jntV<ł,' jjlŁ 3nTl j jJb fr^rm t X &$ 

j^uXl» il Xxj>aj Jji łj jti*■-ji 1661 ^ k (Boyle) Jj^j ^jlJ>jYi jol Lal i - 

lAjl 

- jJsj jjlD A_o U*^Jł ,j jlaJb 1^X* JduLuji jjŁ U j I^JLJj*-> J5Xj V AluuJ Akj 3 jU 

uIxjYI^ujJ* JjJjJi S ^.LyYl (łJLiJl j j ->-1 jAk > J>jJi Jjl^ij 

. 3 jXJt s -*-£ jJ Jk AJjJXj Ja' 33 

- ^Ththon JjjJUjjjy 

* 4 j* u-3 uJ * 1 AJ jllll AXł>iaj 1803(*k (Dalton) jjUu Jk) 

- Cił jXJl u * i .*~i 3 JjLŚj J^SUj palili - V 

. (^LuiXjVl) AiłjjjLIiJ Aij Lfi j**Ł A_ui Uuu^ <LU-uu ul ji J* jkX JS - V 

. ju>-' j m "i*T jinV J* 1 JlH L^JlSŚJ ji l AIIaSJI A^jI ,mm* Jl>-1 j inl itl j J -f 

- 4tnj m i <U J Jui 4 -^X 0 a2lIXXI1 j_ljLX«J' wl jj Jbul J* >LUS jJLł J jSJj -t 

u. ,j tl » * i l *"< 1 

Jaj^laJ' ). .LljUJl jy&* ^ ,jL£, uj jtaLłikłj^l 1897 

jUJl J* j Aj jjjl XX j3 l jt AjI Vl .(tU j j ęir XJjk 3jt Aj>- j JJ U i,. ,\ ,T t Aj jUJ' 

jl^>- jjjJ \ if ^LjXjj* ^^j JliJł Jili łJjp^ 1 * 3 ^ ! ^ uu aj 

..■ l>l<*0 

( 3Ujj>£VI AiU^) |bjj >j tom 1 V 

r*\%-r*u 

















^ uź? -^ T ' 3^ju> 

4jLLV< Jy 1 JH-" jOUaJ 1 IL> Mj JJj^Ś 10.000 
y^} l^Uj <,i Mul lay^I* J4 iJ.J.EA j\t 

. jJlUI Aj ^jjł 


l^^Il AjlmL AjLIYI jJuŁ Ci-L^j 

Ja^c jJjCathoderays 

- jJiSLJYi |Cul l^j.lx jlloi Łł jpUh 
* Ujft,ł ijui' (*Al 

A 4 jrt\ dj. 4 Ja j t n^ ~^ 4 W *1 * 10 A-JL^ 3 ĄjjL* JgulŻA Jj^ 5 m ) - 1 

'L?J ł >^ -t 

. u mjUllitt Jt»ll£ Jt»ll ó* 't 

Jji-jJ Ipl Jyiu Uj* jUil £__jj ji In ijli 3 jL* Ja l^ljŁLda ji L^S^L* ^y3■■ rt>~^~ł Y -0 

.ai$i' jJ 

^(lhomson) 

i jpł a^j Luli t_ł jL^Jii y* 189/ 4 i im (Thomson) j, ^jJuLuI 
cby^SJ 1 4 inM-%"* 3 jS J>4, 3jLu- 3 j Jj> 

JjLjjjJiJYi J_w* J Jui l$L>l JU j. j 4*u Il> jjl 

. Lu4J jLmlLł 3 j^Jt Jjujtl ^jitSu diLJLMjl 

^(Rutherford) j j 3 j3 g>>4j ] >- 
(^lc & Lu JJ-uUjU 4i>*>* 191 1 iXud ^ 

JtSJJJL L%jJ1 ^IjJbLib 3 j mtł A-J.utŁ> 

(tM) 
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5jlUł i JjYt wUJł 


Julu j^S Jyj 4Ti/hi Jh_itł .jJ-UłU £$JULj j>i itnml Jl LaJi iIj !4 j 4 j^3 2 j ^ 

Jjjił 4 l 5 r Jii*t ^44 jfl (liłł iLLuji^ jfcl. ilU.-^I. jjliLa ik LA-L 43 u tmj) 

A >$1*3,^111CiUaAjJl34w Jyą wUj j^jilU A* vhU)JloUji m r*> Jo*4j 15U Ju iX^i 

Ju «3 Loli Ol 4 J ni **■ jLut* ijajJiJU UlA) w*AlUl IJj* dLOJ^J 4 ~łiń 1 -l Y 

: 2lJUJI <Hj L> CLUw'V b 4u< ifrliti* 4 j$3 j3j £3 ^^UU lf»l iU^I 


' s LU ^-* 1 


s.iijii młh i 


l*£ 4“ n ffl* SjS “t tut}$ £j j jlUł fijhł* - \ 

■ Ó^S^S <> JS ^ J>-* 

j 3 j^jS 4_jl3LaS SjIilL) hJL^^j -T 

. 3jjJl Sljp <UL^ J*Ubl IJL^ ^Jbd t j‘^ 

^ hJLu£ll &jjęJl 4 i i łi» j j Sj jl JuY -T 

l^IlIS A_i^ jJLi j? Jjl 5 3 juJt 

' jJ 4 -ł ^ jtll LdJl ł-> L* -Udiib > > 4 W rtit 4 ^Lmv» 

. Aaa Zij£ Lu 


((tM)jŁi; 

j 4_łjjtj ^jhjh^fcJ ,jSLi 


j**2u ^ La Lfljl iLl n j ni |«lui - \ 

J^S 4Uia ^lUi JjYi jl£lt 

T t_jjŁ Jjli 4 aj rt i .-t 

JuuU (U LoJł uitijMi^ ^ I Jl> 4 ljlft 4iin \ - Y 

^i^f, ^ ljJlj^j ujjŁjJi 3jb *ji^ Jyt 
<*_uL»Jt ^L£r ljLuł*j w m a j o Jj^ 35 LA j>Lw* 

-CA*J*>^* 

ł_uj^I > tlłUŁ*^ Cj -T 

-JA* 


M«ar 

1 - 1 



Y.\*-Y«\A 


JiilSJt^liJt JluJuUj£Ji 






























■*( ■ *■) j £ 


t ^iLUl j-^»i ijj&jJ* j ^>Ł*j «UijJl ij* i> juaJ ^ j-^ł l_j jiLsćjj 4Ji_)L*Jl <Li jaUi gn* 

u£ j-jj lL? ^fl 4jnn itifrl ^Ju^Su lkjr i A * in 1 c.uS jJJl a i-dtj pilili Lfc jim (4^j 

Jii) wUj jjSUYI jj 4 J (Jl*) 31 jj 

iSijJJl -V 

3 ji ^i) CiLjj>lSUy l Cli jto* jrwi 3łjjjł jrw '4 j&Uj ^*>ij 3jiJl ^ ł jmSS >±**>1 

, 3 jjjł 41CS f&IajMj} 4.4.>>jl< A <-* ~7‘t* jIjJJH ^pi jS j^jj a^ rii„jt 

iCAij^JYl -t 

* 3 i^ji 4 n^i cc u \*\ im_^ 4 u>c> i$n -i 

£1 t£\ lbJP i^ %Ia ifitl 3 j jJi ^yjt Cilj^jC£LrVt 4 jJL*J' % Wnitl -ui 

* ( Uj >©5 4l^Ul>i 3 jltfł 

gruj l^pLU *UjLCU,I i—>Jl>JI pub j OljlJL* ^ga 3 H > r uS 3ljJJl J$->> j$Au ■-> 

jIajYI liLl^J 3 jLCł 4 j j>> jlaIi ^3 l$J 2UjLwt j: I j$3 JjLłLj Jj ja Ji Yj * jl^JJl 

-tf>Si^JtaJl 

* J$->- uljj jCSlTYi Aa£ j jjJlj (fcllaJJl [*J ijjj&jij AjjC3j Jji Yl 

Atomie Emission Spectra CiijoU C»U-uYł J^b 

jl s4jloj^4 3jI^ CjL^-jJJ ^UjUbJt j! 3ujliJl 4 JUJ 1 j, 1 n *> r Citjj jrAuJ jJ-£ 

CJa 4jlr . j^UlĆI L 4 JU Cia-Cui ŁjjClUM u^ji ^ '■ ^ ,Ł-i*CiT L^Jłjjmu 

31 ^ 4 u^di -U* ■ rtjbtt Ci* ^ŁkJi - linę spectrum Jubti) ^WtJi CiWjYi 

^ 4 mj Cii XC * * sjI>Um^* lp.C.; J rrtJil Iijh> j* A JUt* JJi 4Ju^ Jftljbt> 

_3 jy< c^jii frUit ji >sęijuu^i 

JUn-jjj ^3 4J 34U«Lyi 4jinl> 3 ^ j - ł ^ w u V Ł i ?tjb!> Jl 4 jjąTJU JL ^5 JLŚ 3 

» i-d-CaJl U 4 J Jl jin ir 









5 jlUł wLłIj i J jV( wLJi 


ć> 





J^>3K3* 


ijś 




O- 


( t - ^ ) J&4 jry>> J j JL*^Jl 3jjJ tjlłjl\ ^iujl - rtjt^Tl 


»< (» Hithr 5 j4 


-tL) f\JŁ U ^5 j; j> jJI i^S jJJl jj) Jjh j:liJl ^CutXi j jji m rtlj ^ ^j.U!ł jm i 3 

-1922 3 jjl*. 1913 Lim (Nelis Bohr JJU3) ^jUjI^aJi 

t^yfcj >3 Jje jij) ^jjJa ^ju (_>^j) ^ oi*3Ułi 

,4 W ni fi * L i -> » 3<jJ 3 J jJ' >S ^ v 

. jl^Ul ^1 ^Lu^jAt J.Ml^ATi ^juz ^^Luj A^JLyJl JjIujj y^JYl .1 Jlc, -V 

3ljJJi 3j2* v* J^bLo iu>£ jj* 3j jills 3jj& LŁj3 3'jJJi Jtjji cUui -V 


i AjJUJł ( 4 jh_ji jii j) ,jJl ufiL^I (tui „ j-iiSJ ^41 


<4jLla)l ,ja /i, i5d3 ji J 34 5ij3i JiLij >j£JY( &-t 

j^Jjutf tAlutUlj' 3 jJjł1i AJkllaJl ĆjUj nu* 3* ^ 5ljJJl Jjj- wb^ jJi£JYi -0 



> 3ljJJl AlL^Lla jljłj a Aj."" 4 i j ■ • jJfilLs Jfjj- 4oS^> c UljI Jjj jJiJ MJ 


.4 jXx& ■ rt^Olj UiS o ^ a< ml< 3JŚ Łta Ojl JJ3j 


[ ] 


r»H-r*u 























. u mjijJl {*£1! łJkE. jjlaj ^jZ.*4 j5 AiUa >jjuj 

umnSl Iji pSJ j > 5^rt~mti! AlbkJl ^ Aj-Ult AjiUalt ZbjTm* J_śi ^2 J, jł jbSJY* ^Lu -V 
^jjJsUł 3t prj»-*Ih jnć (j*£ Jl u+*“-}) AiliaJl j^ł LU * * lj_i£ pjplSUyt 

^jlc, - IiĄy: > ^i£,\ iiUa jJ| (Lli^t) pSSJYl JbŁ t - U j 3 j\x* 3 jjJi ^ < ml pffil 

pi Ćwb V >oXuj >*£ ^i-»5 Vi ^>*>>.11 ^ pj pjSJY* p^Sbj . fc.mi3£ti {*£11 jizi* 

Ajj>D< cU-jI A i„mSi JLi plS p jJ< AflLbJi J*# (i£ji p*Ju .urj.j j tJ LsVi + j$aj 

* <p-c*4 UbJ* La^Ła £_ou A^pj j JAJ tpZiJl pj* £L*Zl Aa_^Ł> 4J L jC - 



(0 - ')3U^U j*4>* iJmJaJI p^SZ) 


4(HJ 45Ik 5IMI 550 h(Kl f.V] 7«l 750 nrtt 


410 


650 mu 


pZtSJ i AjlB ^m.^IiJI ZuB jJl p i« n-V ^3 Aj&llaJl p4 AdiuM 1 LL 4 S pril 4*1 Z^jJjl p> p_y£ JULLfti - A 
kIłb$Zi*4 JZi la^Zui. £LlIi JUld ibtZj 5 .Ł&ŁŁJi p4 tfpi.) ZiUS włjifł p4 

. p^u>-jpJu^Jt 3 jZf sJuioJl -b j_lZł4 J-U J j . I 4 I* Z? □ j jJ&JY i J *.".*■" ^ZJi AilbJi 

3 jLlLc Vi ji Zi*£j pi uąj OHZ>- M£i 

pjZllłó p4 pj pZkJ] JJlUj UjJLł AZLbJI' ji 4tm~£t> śLalbJt j'l JuL* j-ł> juSUl 4 

^ pi A^ilb 

3>>aJl pi > JS A£Ub jUJLtj AJilIajŁ ZiLjj” m* jllZai JłLaaY j$j uULi> r^iJt ji -V 

^pMJl AfiLLiJl J 4 (łSJL^ .103 yjitj * SłjjJt p£. LjA*_ł U1S J2 j U^LuIł p^ 1 ^l_l_j A^LbJi ^ 

.bjLli puJ AaLZrtt AsLLJi wU>iu*« jry pj jpSJy 1 ,JZXJ 


r*\^-r*\A 


puęi^i 4)) ł pjj ! i)) 









5 jlill <UJu i JjYl t-jLJl 



iZiU j^h .* J hj%1 

, (ftJUr iZjL^- j-U Mjjf i WS 5 jJlJi 


ub ^tot* ł j^ A^Lm* i-it IJUl j2lLlv lj V J^^JlSyJyi 

Ljbj~N»a ^sui ^,3 3 JwL% 4 wlJJ ł 3 Jlrtiiji U4| AąlbJ' 

.SLflOaJl 

■ U* v 1 (j_*j) sJ4J* ^jóJł 03 J 

i^jb U-3 

* 1'łj^'ł iri t j j 1 \t rt 1 jj* jjnU^Jt buL j jinii t -1 
AaUa OjOjij ^ (fcSJl 3 (j^j) AJjiii iiili-ji -i*j 
.Sjj* J_jV ŁkLoiII dJśLbJi >—ib^ bbj>o£JVi 
‘(j*?)- 1, £>>btfl jj-ai 


iHłULajj^JI Jł VI ^joJl il f jjj-b tJajJ (j^j) L^J-Jl-j j^jJI fH-ć. j 

1 ,jJb U ( ) Aj jHu i_j ,-łAI Jy» a * 3 >bS A-c.u >pćj ^JUb ^4 Jt£i joJ Ab jJaJJ 

^ijO£]l ^Uajla*uji ,J£*-JjJUfljl 5 J^ub LiLuitij m (j^j) AjUdj ' 

>Łł >*ab *JM bub jhAtbu ^3 Jb3 4 J 1 SH 5 tn^f> jf%>J jJU^jJl 1 J^jJb £btb ^ Juii 

- bJai jbj jO£Jj (jbi 3 

Ldjt AJ jLucYl ^ Jj* b lJLu jjU gjjO Ł lVt j! j 1 1 f 1 1 *T 

^jurt 1 L _ r fl A3 j ^JSL) ^i SJ fVI ^slb* ^Jl£ ^jrujjj J^Sbj AjI ^j-a^>031 ■ T* 

,LU^ J^Imj Ib J,l 

-Jj~ivj* iS jbb f*Ub ^,3 01 (4^1*.^ 3jUc Jj b 1 Oi^) uVjUa yLU^ -1 

Ab'jjtll bjL&LpkjV> 1^1 3jjJl Ji JLLTli jlł) Cu3 bj .ifliLuui Jjry^ 5 3ji J,l jb <b^ 

.S^MUl 

^ jjlj 3 j \-A 1 AU£l-i ^3\ &UJjJU Ijl>* Uja ( j^j ) A_j jlb j^pidj OJi jjV wu3l^ LjLl^i jIła i^ulS 

* 4 nj n^Jł ^^3 ju& L«S j-Uł l.ll£ jJiJl 43 jjyi iJ i\ jLid^jJl 



AŻ>»*JI 


I JJ3Lu ^*3 jbl IJwŁ j! 4JUj jJt-* 

I l 1I*J1 jdjl^J' 1 - J^a- /w* ^ 'ilti H OjJU*jl 1 JIm ^ 


_-■ YO«l-Y«\A 


^ittJł^lSJł 4^>licU«4Ji 



















- ( i j. Ł »11 SUjIill Aj jlaJjt 

4 JtA i*A\ jtS j ( jjj) £ij-*J CT^ ^LjU*#Wł tIl^JjLKJ 0 jL£ 3 j jjM wuS j 2 ^pś Ąju-L^jl ^ J j. !A I T1 ^łCŚ 

i^yUu^4uJl 

(£ jJjJjLł) J -ASLUI ^JUL tju *4 I-J J j j^CtSH Ay a vjtl 'A.^. jUłl -Ł 

. 3jJlU A ^ iSLuISLłŁI - ->■ 

iDual Naturę 

CuLJjI JjSJj « d W mtt ujJLp j ji in (Ł^> i>xj J 3 jJ*£)Yi ji A^jLuuJi uij^Jt Lj 

* A-o* JA Aj ^iU (4^^ 4ji b7 JjL4J JJj 4jŁAjJi J j ^ J\ i_J jIjłITI 

tUncertainity Prrnciple of Heisenberg{£^ >jIa) jlSGJi ^ju: iju* 

jpu^j 4^3 4JS4 J£j Lło jjjJlSLiyi JA5L* jljjlsj , 3 SL*j AjI (jjj) GudjJI}h 

JlSL* ojO* 3 Jjł jAj iA*4 ^1 f*£lt iSUjlSU* (£jjj>jLA) aij .CiAjfl 

J jJL) J <vLtU J jM3J jl LLl£«J L*jjj ji . UUlC J JT Hiij JL>lj ClAj ^pŚ Um A-C, Jyiłłj 

. t_jl juJl ^1 

(Wave- Mechanics theory of theatom) zyju A^ji[A r ^\^\k r i J l^j\ '_» 
(^ii^U) j\S &i ^ Um 4 -V 3 1926 ^U: ^ (Schrodinger ^jU^ui JSUj 

Ja$ 3jóJLł a^jli JLjSLuIŁjIi JUjia^l Ja (^j^^jlAłj J J4)j (£gliiji)j 

jląul l^lbu ^£*Jj j jlUl* ji Jjj^lSLJYl ^j»> ^jJLt I^TijJ>5U^ 4 Uj» jtl JJ-lUl* 
Jp*ljj JUl*-ł I^jjS ^Ul Słjill J>*- ^,tiUi4 jujjl) JSU 13 Aj&llaJl 

Jbu.3l^JJi Jjł* Jljj^ilŁJYi aS> st 7 LUj^l* >jJu 14^45 . <LflUta ^j~ i»* J5 ^ CiLjj jLXSJVi 
j-ujj 4j1 jlJŁlI aJ l& Ju J£aUd>lj <UjD j j_Uł* GGjJ' ^LXS 

. njlu j jJiS^yl 2 Uja* Li* 

^1 >Ul Ja A^u;h Jjz, jąjjuJJ Electron do ud Kuj>4S^yi ^jL^.mJI * ^JjhUil jJj 

4UjVi j OL^buVt JS Ja L^Ji J jj J^* 1 ju ^jUl j *3ljjJJU HajJfctl 


T*\^-T*U 


OAiękłi j)ł 









jĆLjJlJ i J jYI wUJł 


Jut Jjlhj . L^-Ja ^yi JUjL^I 4UJj jJbll* 3u«jj>2£iyi iubtuJi JiU jl^ jtjj 

orbita] JULu j^Sft jULł«w» j£ 



(( ¥ S ) 


^Luj j-aSJV< Ajt% rntł 

. ^SJi jiggb ć*.±+*« otwU^i iuujl At\u 4 ir^..^tj^ii j^ni.Uj 

^Qu;intmn iiumbers i (%SJs 

<jUt l*£Ji ^Uu^i jui Aijj ł* ijLjj jJ&JYl S.ljitr CiljJJl ^ Jj^SJyTi AJ Lis JUJL*-ZJ ^JJb 

3jUjI Lajjuc 3 4dm1 

Jj jM&yi Jbu * (n) U ia*tjJl fftSUl J4A 

3-jfi jJiJl tLU>u^Q.U A-u j>^jy< Ąjb^J> J^l Ji^Lj ( / )^LUl ^SJl aJLc -T 
Jjj >o£jy t ^aji JUUj jjYi (*s JJ J££ ^lui t ( ni ) ^.Mhiiiii ^ -r 

J ^IkJl t (in )^>ił (*£Ji AJUC -t 

Principal Quantum Numben n <*&* * Yji 

(n) AJ ]r*jif j Ju^jJł 3 js . rnW ^ I j) 44 i l * Iiul J*’ J h 1 - ** 1 1 

t Ljr L? L* Ju Jjtj Ljr fl jfc ^“injj 

LjfcjoJt ^ Lł Ji JuŁ5 A-u j jJiSUyi AJiLź. VI ji AiLLJł JjU^ILuut 3 Ujj - \ 

-4jŁu*/^jLi*jgroundstate3 >31^1* AJi^jł 


_ Y*\^-Y*\A 


JiilSJt^lSJt JL^ifLwS)' 











jł-UJ jiuś j u ja >iu „C^jLuJ j\« dJŚHa j~—■* I^J ' ^,2)1 (C) kjG J j^iS2Yl J-L£ -T 

: JaiŁiJi [nij^aLiJ (n) uą> (2n ) 
2 (I) ! *2e jj-AIiCK) JjV(JiHiJli 

2(2)--8e 

2(3) 2 “18e- j^ĄAOjtMłćJUJt JiMćitj 

2 (4)--32e jjjyllifNjjjiyi^iUrij 

^tL j-j"... Uh ^il jjl j-jT.-.tl VI 'i, AlUtl ."li; j"..a ^ic. Jj'ilStn\A jiUnVi 

SjllJl S { ’ ' '8 t ij *j3jZS>, Ji Vł *^ " Ł jJiśJl j % .. « ,jJ1 U>1 aj ^ ^ J>i ^\5Ś4J 

■JjpSl!” tf' OUj J-Ui ASj i ji 5gr łunl 


zero^Ja 4>u Vj.** .T t Y* \ JL>»b j £.±*.*3 4JLc Ujb ^**1^ jjl ft&i ^JLGr 'W 

u^u) A.i£ jJaJ 1, ulj i ii 11 Jy* JJlC ^ubUj djblb JT j" ■ -* Jl£ mrt nJ * 4 afcjJfaj j-u» LuJ jji 

. ^ijlltl Js jlł iii>j JJU2. L&JL>»b kjr Ul 1%-yaJi J-Lsj Ju&Lb L^J (ćjbj“ mV> 

tju Uj j^b j Subsidary Quantum N umber (i ) {*£Ji jjlc i LuD 

*łj ni* JS ^ 4 _uŁ jjłJ' ^LalkJl uUj*! r iij :±u -i 

. 4-4*3 j ^^Llulj 4 jg ^-dJl 4j&UcJl j JL*z. ^yLc ^mj’1 jJł ^ ‘U 

JjJLstlU Ajł-jjil jjl 2 Lł£ jjtf) JiLjjh n>tl j*>U -_>* 


^ ■ ■•j'<jjl j-j" a..ti 4^c j-oJi Jib^unU Ja ^LLii tA j 

.JLUSL^lb^^ 

f > d > p > s 



(OE : 


f 

d 

P 

s 

A ^dJl mtł j 

3 

2 

1 

0 

(/) ,/jjjLUi jjlł {•*£ 

KO : <n -1)1 


























3 jlilt A_c1j i JjYI w Lit 

Magnet icQuan tum Number ( m t <%ŚJ\ ijic ■dlii 

♦ j (tSJfl J Juz ai 

££** ^>3 mi Lęj.U: yill kjYLLujjYl j JLc, jtSJ') i JLc jJ^Uj -1 

. JUcłjJaJi L^JLbLątjl^ 

JU-l>3 AjjjLC J^Uj -m 

(-/..0. +£)< CsjU^ji^hj 

(^SLlt jjub JjlaJtl 

i^t(ri=4) 3jjJ AWljttl <Ł yia.JaLJd,i 
*£ 3 j & AiŁij JfLLiJjji Al (S) 

(p) jjjliiiti ui .5i>iri jJ jUIa 

Li jjjbt* >.Lx.~u wYULujił Aj^O 3 jLuz 

l^J >^j łjJ Z* y* X ijbtUl A-ui!yjl LLLbLąiYi 
AJiLiSUl AjLLj^ . jjuLłLa ^yfcj P * P * P^ j^4jJU 

jry^JU5 J5JL JU^jjł J£l dUjjy£JYl 

aUa) ^ dumb- helis ^iy jl!c jrObl^l* 

.(V*) jS^^jy£lYi3^Li£li LajlLiz ^ 


(n) 

1A 

(mp 

1 

0 

0 


0 

0 

2 

i 

-1.0.+ I 


0 

0 


1 

-1.0.+ I 

3 

2 

-2,-1,0+1,+2 


0 

0 

4 

1 

-ifiM 

2 

-2<-l»0'+l,+2 


3 

-3,-2*-1,0 t +1 ,+2,+3 



Jy^ 3_>Lu^ j^a (f) ,j £.>ńP p^Atiji.U Ut L3Y\3Lu Am44* J>c jUc (d) ^zjJifi 

♦L3 V LLu j j i Aj-utf 



Y*W-Y*U 





























Spin Quantum Numbcr (m 5 ) * i p &.li jjlł iLutj 

&j\ jji * Uji *£Uij. J 3>* U^i4 JS jjju jJSJj >25 V JCLj jji j-wuj V 

.(^j<mnit< cUj' ięn»Yn jijSfl jJ JAJ j JUWj JjSUjj) StjJtfi 

j^Lcu j2ł 3 A-JUJi 4Wit.lt j^óu JL>1jJl JLLujjSfl ^$j3&Jł Jl ^Łj1\j^ 

ajj^Ł* jJiSUyt Ait >Ł ^Ui ^Jjłj U Jl VI .^l jJUIL ol U^ji jAliJl 

>£JV! yljji j£ ^£LJ1 Jbtli ^uSbu ^ifcj^aUJU Jb** Al J^SJu jrut* *btjl ^ 

(Ti) >* jJIj *JUa 1 >■>15 .paired Alb* Jiiij *jj£3ł4 J>>* >i*Vi 

(w -O j££ 



^1 JJL* ^ ^Vl 

jLajI AS>nJl Jbuj jufewui>ill Jj><£lYt AS>** A^c^j (m s ) <jljjdl (łSLłt JJL£ jJaj 
(• 1)*1 (m s ) ój£ij *(j)Ij mfr ji (+i) *J(m s )Ł*i5 

uVŁ] jjV1J A>*Cr>dH *IrVj^>hu**|lj ^j^WSM (O 


i nu* Al J^Vt > Al j^ul t |jj i. 11T, ł |%ij iJjLiJ <L£ >aJl ubj i mtl ^JL£ -' 

. jtll.* jr\jjz. jJa Al ^jjliJi Jl^Ij 

AsMji Al ^LjJI j)"i ■ r 1 1 La 4 FI" 1 -ł^j ,j^>uJLl JjYUUjjjYi jjlc -V 

JjV LLj - ł 'j ji 


^ Aj^j 3s^^uit^ j^ij ł( ^CiVŁXijjiiŁŁAi Ar^UJł L 5>Ulłi2s, 2p x , 2p v , 2p^ 


Y*H-Y*U 


>j j-klj^i 










5 jlilt A_c1j i w Lit 



«3d jJaJł %S 3^ 4 nu >> j 3p mt l 

I mU [4^j łJjJ h fltijl 1 ^uLiVt J j I tutł L^J ^lujU ji j^LfJ jjjJl uljjjj£JVl Jd£ ~Y 

:^jVlS f }^u wl3^ j^lSJ" 1 ^UjL^lT ■ Ł. u J.j jy" * 2n 

2s’,2pJ,2p’,2p* 

US ilŻJL iUi A^LŁalt ^ j"ui4 ul> iZilj a jj£J bAJ (<t£2l ii JlcJ ^jjąfclj a 






























Pauli exdasion principle ^jU - * 

ijjj>S£Jj jliul JjIaII JjJjtJ 1 

?£J' ji jLej ^ 3s 

iił l łi S js u«iyiŁij (m /( l, n) 

(m s ) ^>11,401 4 -uł 

Aut- bauprinciple -t 

i jil*i-**i^SJI "*-±£->kJI aJśLLłJi ljUjIhi* Ja J-Łc ^lc j jIsłj ji ^SUj ii Ha jj:...* JS ji Lutj 
i.im.'* 3^5- 3,^3 <LŚLLlU uJ j^sJh J$$b laJ .dJaLLJi ^ I rn hh La *>£-*• 1 l^wśn-J Ju; 

a 2U£j^Jl A£lbJl 

i^Ljl 4h7 L& JJilLiUl fi LI_Jl (JLu9 

A^£rjJaJ I ubjLnl>(^ Vjt I *L&llaJI tblJ I ubjL 4 t ^>Uj Jt ułb j jjSJ JljV } 

(^^tSLiLLJlijb 

i U5 bJLcLdj <Uc>oJ' Gbj~intt 4-u >aj 

Is < 2s< 2p< 3s< 3p< 4s< 4p<5s<4d<... 

jUŚjV LjląJ l-Ujj *Uj- j-aJl dJŚHall bibj" III* i Jfl -tbu>bJ ;i« {% \ - %) J3L£ £Ud£jj| 


111 

» 

m / 

/ 

n 

Aioci 


0 

0 

3 


2 

0 

0 

3 




4s 

(nf /) =4s 
(n+/) = 4+0=4 

3(1 iiU* 

(n+ /) 3+2=5 
3d 4ilb>4s iLfiLb 






















3 jllJł A Jt \' 1 mUI 



JjU Y( jryw^ j3 ^^3 jMj j-ŚJ J j£U uiaJ V jAjI -L>^Ł 3 JlcL£ ^ j 

. Yjł >JB AjYCLlJjiI Ji-lj 


Jtfdl JjLJI Jji JLsfcj (7 ) j; j jJ' LajJLŁJ jr%3-_j j M-JJ l 3 jjJ >u£JYl Aj 05 juaś 

Aj^O (2P) ^j^Jl fitTJ ^jl (U*j U£a J) lx: (2p) 

OjYUImjiYI ,jru CtU^jiSlJY! £J>jj » a&t *AJllaJl ^ AjjLAU lIjYCmj jj! 

Jy* AJ J-uii&i JLU 3 JY YULujji J« -» J 5 ji jj>j ju^ł 3 ju;LAJ U-u 5 Aj^QJI 

Yl ^S\jl* U^JJł ^ jJbj. JL^Ij jLLujji u# ^ęuj jd£J| £>54 jl Alt AjV * AiliaJl 

a£ jj%J I ^ji la-*> ^Lłj . (3 jU j) 5 jliJ* jljJbriJ Jąi£j J*łj U^u i jJ&LIj JJUa ^1 

*jl j^ ‘V> Jł J^SUj jjJ >jSI S^aJ^^^uu^djJl i jlai jj*!j jL»ji ^ J ^£3 > 4 >al< 2 LJ>ii! 

Ai)"M-J £3 jmJ łl/Lif jJiSlJł Aijjt Aj (2p) lL ^jJJl £\ Jjfc.ua ■ j^&kuSYt 3jj ^ Ul 

Aj*ULi jjt>JI Jj >0£lYt Ui $ JLtLjfl i t h«% siUJi (2p) GYCUjjji Aj^&ll YjI l^JU 

s^is Jl v» £_jjJji AfljUJi Aj^UJt ĆjYOjJjjYi J>i J^Aj J» Ul = jrJU3-^i 

^yJUJl L yfi j-dJl ^ jJLuil jjl 1 ■ I n 1 J|ł UI 5 * M*di 4^>- jll j-j 5JY> jJ&OJJl Jy* (jj Au * jJLLł J 

J*kWl J1^YAjiYK(2p)> 43 4Ai^a3liałł 14 (3S) iAj 

^UIJi jJiJi (f y 4 1 J2u ju ji ^ JUjJj|Y» ^ ji 4UojU Jj^ 

.AlŁŁaJł^i^Vl 

1 3-LgiLfl i 1 ni ,N jp^ji 3j Jj jJiSliYl ^jj^U^^jYI JluLtl 

7 N:ls 2 , 2 S 2 ,2p*,2p;,2p; 


i T«14-T*U 













<nnnM) 

1 ajgji ouuył 4>,^irty< %ji>»yi >^>.t 
-J JJWŁ Jj^ijij-y jj2la-‘l 

9 5j^ńłl j l*-2> jJuj ( jLJl jj t_jl jjj! 3 ti^JH j tU 1 ) 4juyl lLUj^SL* Ja J^Li 5aU1 -V 


^ji ji>ii j-ł** ^ J£.aS (cathode rays) Ja^ti j\ u -t 

% ą Jfll m* Ja^Lki* jjs J j ml ' <_> j-pLj Jjlj "( 

Jl l 4 .Ta.ul 3 jj ląS ^ sJalcxj V - j 5 > AjiU Jpli J Jy* 0 j£u - gr 

jliji ji .U^tł 

...l^pj-L: jAlai .JuliJ Ja lyifltl 4 jl£< J^S-U -t 

Cłijijkił - j kjijlui - ^ hjiij jNjijyi - w i4?i Cal aj m ^ - i 

........ 4UJt aSLUH ^ JL£ I JuA -0 

... .......^>>3s*pdJd&>*Vi *1 

-ćLłł jjJl iillaJl ^>Ljl mi* - i-i ^UmiLuYI AallaJl tZib^ILu* - i 

^>dJi .I< l^lc OVUUjjjV» JAc - £ 

^ 3i>iXl Cilśj jOS^Yl 4*Ac -3 

... jA Jj 5 jJi&JYl AS>> wUa>j :JLxj JjJl f*£Ji 4JL& -V 

sJl& - <j jJl f*£J! 44 j^ - \ 

JjMUfśJSzJLC,-* ^ 1 n^Ul 'i *T,1 J JLfc - 

............... juS Ac. L oi Ua-tb jry^i>".cUJYI uj5jj)i JI 41 'A 

ls 2 ,2s 3 ,2p 3 - v 23-i 

ls J ,2s',2p J Is 3 , 2s 2 ,2p;,2pJ,2p; -* 


r*\*-r»u 


<jug\Oi ^iij>ł 



















5 jIJLft i JjYI t-jUJl 


-tLJLc. j j^A difeJua foirri tluu 4 I 4 II 3 jJłjI a/\ iLl jUJl ml -Lic 

I*, j-yfl £Lj*J - w " 1' 1 - 1 

Lali ^* -‘i - 4 UL*. Ajcii -£* 

.Aj li AillaJl Jył L 4 S J a jJ&JYl j^“ dl1 ł4{ -ł * 

. Vt iAjftlŁJl LjU^liAj Ł Ł ł> ,^JI JJlLLj - i 
* ,jn7«tł AjftllaJ! j^S c-l^LLLj ^Ul łJP LiYl AfiUałl m* ^j J<inj - l_j 

- JJv <LalLa j-j" .i ^ Jrtl o -ęt 

* AillaJM flS ^ Jjt JJfl Yl Aj&UaJl Jl (jJł Jamj - -i 

.(111,) {*£)! 4 Jlc jrw - W 

- 3 jiJl < ."t l J “ i 

. AiC jJlJt “li JJLC - CJ 

* jp£ jjJt j-j" T» 4JlSltoi$ oYULuj jYł iJuc -£ 
CiYllu^Ył ^ CłLjj >*S^y 1 Jó^ - 4 

.._(3d) ^jJJl IjYLLj jjl jjLł - VY 

7-4 6-^; 4-4J 5-i 

^^LluJ (li ) ^i jJl AiHaJt uVLuJ jjii 4 JLC - łY 

(n-I)-4 n z -£ 3n 2 -Ł-i 2n 2 -i 

(ll) jW.j J jJl <U5 4JLC Aida j 3 "m * J i i m 1 Jfi C 1 U 5 4JuC ^ rrtflł U 

.i* 

(2n) 2 -4 2n 2 -£ n 3 -ij 2n-i 

L^jJUb 44UJJt *.ji.m*j» AąCjJJi AiLLaJt ’yt AjjYi Ac ij^dl ujjJ -'O 

.^VlS 

3$ < 4p < 3d < 4f v 3s < 3p < 4d < 4s -i 
3s < 3p < 4s < 3d -4 3s < 3p < 3d < 4s -jr 

........... J 3 S 4 ijr £^ jJl2\ A-ŚLbJl „jg J~ rn« uVllu - \1 

.AilUi ^ ** j ń\ ,a AiUaJi iMam -1 


j^isjt^iijt ^Juu-wS^ 











(Łh*£J)-A jC a p*t"-V« 

^ Jfw CłlUŁ-fcTtll jlŁA JJl**\ -W 

: J^7 ^ V> 


2I\ 

HTTTin 

ml 

1 

JeWLUU 


,r™ 

•ip fnru 
*HT^ 


g 4_JQJl CjL^IJJlLwV! j mfł 1 U wuSl ~4j!JufeLul*5 J j$3 4j> ątJ J *%>- Jja - 

. 4.^4 3 jS CmśuSj i £i j j jJi ftdu* - i 

. ( J Jf Jjt Si) I JL*» 1J Jjiin I j-J->" Ji Ml tj S cLLisOS (L j->- 3 jjJb JL>-£J - ŁJ 

L^jLua l^US (ftUwj <UŚ >S jj ,j ^ jJi^ SjIUi ^ h ?n*^Fi c jjt? 1 4 *t*H i*f JjSu J 1 JuV -£ 

. ^L - ł jw ^1,1 Liii ult^i*> 4W i*l 

Ji 

^ djkwl ^yic J )|^> JI J_4Uh4 H ?TjS JUflO 

i A_uVl ^idLLaJl ilflji 4jUjVł jtflH JlJLfcl iI?V I q.L >- I g-iSSl 

(| Na-£ ^Fj^UJi -w ? B yjjjJi-i 

( T^ |jl 

?3 j jJi iSLJuJ jbLa j j ni i - 

^C 11=3 ) Jj^SLł UjlLł 4_'£U1 (Ą L* 

: ‘yt J5Lj J^Midtł U - 

4-^jp JJ.I 4i^ ijriłl -h-i A-U j ^&iyt Aj W < »tł -i 

JujJ JLkLL3 J ^JLtUŁfcJl &LLJMJU4 -jr 


t*wy*u 


0^9^ >> .ijJjjL^) 




















3 jlLfł jćLłIj i JjYI uLJl 


■iL łLLu jU aJ ułLs -j JlSCJI ^ -U: i JLya -Ł 



Ca - a 



i ^ b U JL& 



* *L>* ai j** A Hj. 1 ^ 4J jmSUV ł -T 

4J-iL*_Ln -V 

t _ r c, jJlTI i Jł JjJa A^ojuałA kijVO j. jjjYl J* *■*! Jł jJiSDYl -t 

* JuM3JI 

(jr^r Jjjl 4_£ LiaJk (j j 1 * * U < ^XUUJ L *Xu W li 3 4 1« i*l ( P ) lfc3 HCr jJlJl j j" n >4 H i > J * & 

.tZ»Lij j^SLfr a j nin t (d ) 



JoIaj ^a $ LŁii. C1U3 >o£] Y I J-*> Y <U_iVl f^SUl .MU£,ł Ja Ui 

(a) n = 3,/=2,m = -1 ( m =+ 4 

1 2 

(b) ■ = 4= 3,m / = -2 t m^ = + | 

(c) n= I t /= I f m^ = 1 t ni s- | 


(b) n = 4, /= 3, = -2, m x s + 



(n=2) jS\ 4US jj>o£TY iUJbtlł (m^) * (/) f*±i 


I I 


Y*H-Y*U 


JLdluU^i 





















jodLutll uiuJLuaJj 



y*\\-v*\A 


0^9^ 















II JJiiJjrtl j L_łl_Jł 


Jł I ~I_> j-^Llmll - ^ J jJLatfl i-jLJ y-JLlaJl 4^1 4jL^j ^ 

. *>jiJjł JjdatJt - 

* ^Jb^LdyJt c ULJl I-L_lI LdąbLa A^ui jJjJi ^Lłj" mil wlj j-j - 

. 4^1 jj<JdM J jJjJł ^ »'ji j* J Mi. Jv* ^ in*łitł f gi gr" mi»j - 

* ALłjI jjl J^Ła 4.14 jJjUp 3jiil jiai H fltrt l Ł-JL^ŁJ - 

*3jjjjl łjH fl jjj*JŁ Jja U^ajI UJlS 3 j jji ^laja ■ flirTi ^nLirn i_uu*i j mir > - 

* ^ ji-XJ< J j-Utt i ui^ Aaj jV ■ j (W - 

. 5uł j4=fc£l {44 4 ł j^+ąII j jmSJ Yl 4*jjS jdll jruj 44 Mmli - 

« 4-ułj^SJ< 4 - v . JLaJł j ^j^łS^Yl J-4< - tjjlutf l 44 LLi - 3j jjl >Li 4 . rtirt*i Jb^jlj - 
. 5Uj>$ 5Lf l 4 j^JUuJ< j ^ j ^mSUYI Cw J jU*4 - 

‘ \£J3^ J>4sjł Cli JJ4 M1*J jl jlil< JS £4>* iJL*J - 

Cii J y;iti ^4 ^iSJy i JJ1 j JyjLJf Jy* JS j jhittl. rtrtVi jrij 44 MjJi - 

uljlfcdlłlj 

% j iri*l yij 4 j 4 £Ldll 44 -aJl ^ JlS a j: jt jJl iJUlJl 44 Mmli j mrtj - 
* 5-lc L35 ji w Jl4a 5 4j.L^i5 3 jjjjli CrUSjdi J>jIj 4jJL*£ j mftj - 
- L-4^ JM4 3 j liJl JLlllS O Ji JLCt L-jLlllAJ- 
. 4dV3,Va Ci M^Laj ^3 JtJJLiVl j JUaSLfł jrw - 

L_/ 









fjji j*Ji i AA ^ 1-:——— ± ——— 1 —r 

iJAUUhAjk *> ' z *+ l£ - 

CtJluJl i_?f trtfł ^ t\UlJI J?J3^ 

^jjdl j* n7i~TI 5 jUJu^ (KLMNOPQ) dJaLblT JjbjT m* Ałum slfLufc J1 

A-cC jhiłl u3bj~miłl u 4 ni t j SjjJł AJllaiJ Aj nni^ l tlibj^uit^ <J&\ iIm^I 3 jjJl 

JS JLJ^J Uiftj J^taLl*jł iZtAJ j,o*A£,L lłUi cL 1J| i JU* ,jJl JutaOjJJLlJ ( 3LfiUoJl 

- JL^lj ^ J jmSLJU 4 n j Ni l J I <1V*T l 

: w-jjlsł!M ^ j^Jjl ^jdLąsJl ^jś LIaJI 4jlr hIllJ j ^jJ< (J ^L*fVl tJ-J,' 

.Aj jliii L&AiJuci uuii> LuulLjJ LuJjj jm^UaII 

- j;jLcUajJt eLLJi Iju* JaA>Ji £. >u91ajJi wu3 jJ -Y 

£* j rnl Lt JL>jj 4_fiLlsJl ^ jdbjjLl LłJ Ajjc.jJłJI' Jjbj7 mł,ł h-u3^j ^ b* jJLyb^ 
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(S}- Błock I (S) SJLifl j-*Llc - ł 

^ ią* jGtp £aj ^ic ^^ILrtj > J 3 -I 3 JI Ja ^>^fll 3rthHl Ji^J 

* (ns ) L^uS^j^fns 1 ) , ( 2 A) 1 A) - JCLcja^i ^*s>^^(sJ^jJaJl ^.j2*d4l 
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.(np 41 ) Mrtj j%jjhirtfl 
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,3uial ilłljjJ 4 La^ j AWj 3Lc >4Ą>* 18 i^ł Jjjialt J^SLLi - 

* i^j Jjl jJL sJi 3 jU jji UjxLaj L-J>j jrfLuJi Ad& CuJj - 


. JLvl J Jjl jJ&Jil JjijjJl judJ ^ 4 1 i inJ jl jjl Jt rrt l nłł j£ JS JU J^J - 


2Ue^kfl ę. J* £jlXu£ ,3 j>jS^U JL?JLv AŻLŁ* * Jaj 3j 5J JS iJUj - 

- J* W 3^' >*^V< j.iflAa.ll J*ću 3^3Jjl 

^ j j -j.T t!i juLlł 4jLlnii> 3Jufcijjl Ac.* iLujIjJi ulcj4^U ^ - 

.(nj^UYi^i jj^iacuJs >^V! 
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4jB jJtaJ' 3- J . 4 JU 


ilUu -^'1 JJvw 'JuA 

ijfiśjl 1 j^ł Jjrf4l ii jłł-Jl iJw 


^-jj ^ 1 t^lUJł JjAfcJI 
3u ij* jo^llłli ^nl 


i T - f4i j ^plj- Aj jDJi Jtjyc^U LajIo 



jjW Js^M ^s* ^s^sj?fi ^j^ii 



1 

1 2 

3 

4 

5 

6 

7 

Z 

Element i 

* *P 

5 p d 

s P d f 

5 p d f 

s p d f 

s 


1 H 

2 Hc 

3 Li 

4 Se 

5 B 

6 C 

7 fł 
6 O 
9 F 

10 Ne 


1 

2 

2 1 

2 2 
2 2 1 
2 2 2 
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2 2 4 
2 2 5 
2 2 & 


ii 

Na 

2 

2 6 

1 




12 

Mg 

2 

2 6 

2 




13 

Al 

2 

2 6 

2 

1 



14 

Si 

2 

2 6 

2 

2 



15 

P 

2 

2 6 

2 

3 



16 
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2 

2 6 

2 

4 



17 

Cl 

2 

2 6 

2 

5 



Ig 

Ar 

Z 

2 6 

2 

6 



19 

K 

2 

2 6 

2 

6 


1 

20 

c* 

2 

2 G 

2 

6 


2 

21 

Sc 

2 

2 6 

2 

6 

1 

2 

22 

Tt 

2 

2 6 

2 

6 

2 

2 

23 

V 

2 

2 6 

2 

6 

3 

2 

24 

Cr 

2 

2 6 

2 

6 

5 

1 

25 

Mn 

2 

2 6 

2 

G 

5 

2 

26 

Fe 

2 

2 6 

2 

6 

6 

2 

27 

Co 

2 

2 G 

2 

6 

7 

2 

28 

NI 

2 2 6 

2 

6 

8 

2 

29 

Cii 

2 

2 6 

2 

6 

10 

1 

30 

Zn 
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2 6 

2 

6 

10 
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J^\ I l_jLJ 1 


J 3 J ^ i 4J^ £jJU^ 

Ijjjl jJ&łVl luS >Ut 4i&>JC*3 Jj^IaJl jJjl Jjj-L>J1 ^3 j-tadLuJl luJ jJJ LLLwt j J JjU 

^ j j wi *■!! ^3 jjSUVt l_ij 5 >jJI jrU 43 ^Ulł AJ& >i*3 J i^tTl ^ j irtiill 

4 _< <rflVl CtijjiJjl 4-*jL ^ł- * S ^Jlj 4 - LiLł JjflT t l ^ r Lj 1*^3 nim‘iiu Jfj Jl^I 

. jhujLjlU jjsayi l_xjS> nb aia 433 4 _l±J jji 3*^11 ^3 

jśj! i f ,j4j 4 H łt< ^haLu J ł ,ji JTjJU jjlf 1 4-luIjiJJI ^ U*1 ł^Al JłS j i nj 

* jh->-^ JUł* ^ Ccł uJ AjJUjLuYI ^dluuJl jj-a' 3 ^* ^jJU 4Luflj^ JJ pluj { p)* (s) Jh~M fi Tl 

Atomie radiiis 1 3jiJi -t 

I jJ . liĄj-kJU dljjjl J ^>- J a jj£JYl ł-£i JLjJlju JtSUj V 4 jI 4Lt> £lt 
JjJj Jja Vajj , J3 j-lSLM t«;i jlj-Ui 4^UJŁl 4 jU jjIiJi jU'A Juaj <3jJU ji UaatM 

i 4JU Sj jLP h bnV) Jfl jjłj 

3 jjJi ^jLw ^>>■ j^IDU-U ^ >5 >* O-JJ 2L#L***J' Ji-aj j 

Af »3 jJL^ijJ jO^J^ AlaJł jJl J 3 I 1 J j*JJL?fcLi jrU j4 ^134 JC^ 43UyA< 


,^3 ^IłjIjJi J^Ła JlS lii il-łjj-U 

(C/ -C/) 1.98 A 

3 J 3 J .>£11 3 j\ (JJJ jJt J 3^3 

a j.J j Li ft i fl i n - ! i nu 1.76A — (C --C^ } 


jHł-Łl—IM 

4lu' jJl JjSa 


030 

0.60 

H.H 

0.64 

1.28 

F.F 

0.99 

1.98 

C(.C( 

1.14 

2.28 

Br.Br 

133 

2.66 

I-I 


#<£>» ^ JOaJljJł J^la 

' 1 “ = ”“ — ~ — " (CĄ 3 ji jJai * JjJł 

I Q£ 

r (O?) = _ILI_ =0.99 A 

j>l&II 3 ji jl» 3 - ó&^i J^ 1 Atajt^l J>lo = J&jSJI 5 ji >lai 

r CC)-1.76-0.99-0.77 A 


J^LiJt^liJt ^Jl eLuuiil 


















(ggSfelSfl t^d/O 


J^U rfbJU* ^Lt>->* oljfcii ^ <iUj*jYi iDijjiJi ^Ja Uł 

jun 1 1 Jya 43 J _>-5 ^ j*j_jjY1 jju AjaLuIi ^Ui 

Liii ^Irłlitli 3 >rt'i 0 4 IM >J,U^J jlaJtfl ^3uu^LuJ ^TUJi-J . AajLuJI AdjjiaJl 

dj jilJłt .1 CjUi 4 jJlŁlYl iJLŁ ^jj^-łYl , rtrrt'} A^Jajj ^jYi jŁ-trtTl i Jimij ILiLj. 

■ 3Lii.M<U jt 

JjfAłęJl 4 _JLaoY< jb-uC jM*a L l aLI 4 j aftill m~ł< jHł&YI JaLdjl ^7jJU (Y-Y ) it*tl 
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i U H> Mj Jm LiJl JJLiJi jUtŁflYł Jaluajl LLjj»*L*I ^1 ^ 

i - i 


4a j>*łjł II Jya Lii JU jj%łdJl A-p-ti Llfry 1 LoiS JlaJ o< j.jJl jUsHi <-3L*ajl (H-Ji ji Jl>M3 

(Z-effcct) SULuJl Stulił 4Jb*^ 3ib jJ *£111*^. j-J J 

^'Cu 5 uUa?i l^U JI>*j i. Ubijaj effective nuclear charge 

(l 3 L 3 jP 5 ja; ) Sl^JJi Jv« J-^i U-ib AlbuJt 4 W itJl JU 3 jiś ^ U >*S^! 
^ i-jmj eore eleclrons jijUb 3uLitjJł iLUi^^i&Yi SlłOj 

L**^ŁŁU( CłUj jj£JI *4j*( jJj! j,jjj£JYt 4Wii.T t 


Y*\V-T*U 


0 ^ 9 ^ £iio> ajIjjIj^J 














jj-aLjjJl i, j 1 s t^LJł 


j-*a LLc Olj4 ^ £jL^i^Jt jj^JJł ^ U a > OtjOlt >*$i Ji OjóJl >Łxa ■ <irt’> 
« { gili>pl^łl) AjuluJl 4f jMłJti I- ^idLk Oljj ^5k U*> L&jJLO|£ .jjJjSfl 

l (^UuwijJl) OI^^^ąII - kJ 

J_UJl 3jbJb ij\ A£r>*£fcll ,jjJu 'Ł. JkO ,jjl Uwij U^Ąjł UiS ^LińJl I ftrrtV Jj 

I ,jb U ^jjł JlJj J . ^ jiJl 
. ^ AjflLLa.il Objlun* jJL c j jbj -1 

■ 1 Ob j j^Sjy 1 uk; jIjjmJi jk-oU h_c*j» Jaju AbJLbdi AOLLaJl Objkvt - V 

. l^irm ł j Ob jj jrU j-flbOJl Jibj 


jLLu&i JaLuji Ob^jY* jli^fti JaLuaji i _ 3 j& jm*Q 1 OlaS 


I uJVt Ji JLłJł ^0 ^bLwI' JuJ4*}1 Ji jilSJiJi jm-jLO ^ Olj Jjl 


Ci 

c/ 

Fe- ,+ 

Fe2+ 

Fe 

Na + 

Na 


Uil 

0.99 

0.60 

0.75 

1.17 

(1.95 
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f JJ*"? 

17 

17 

26 

26 

26 

11 

11 

JJL 

1S 

17 

23 

24 

26 

10 

11 

CjIj jjj£l) l l JX 


• <■ J -»11 > ■ 


5 J jji >kO I iJis-t\ Jc J^j Yt jJa£ . hin'i Jułj ^ jMJ j—^ jO* OljJOJl *Ub- 

J& US J_*jYI 40*0 O Jlj UiSJ . J^jYi 4JU* ^ AJbOll 40*0 S ib jJ OUij 

JLU j a V S jOh jJiŁfl ńmi Jx *-ju* jll J^jVI ^OO Oudj JOj +3 Jj Jj Jt * +2 J UJ^ I 
Jbj-O JJb Ol jlfl ^Ji 2JL* Obj j^JYi 0^ Ob^jj j*Jf jO£ j.abJJ 
Obj ^ryi ^ jjb^r ou j 5 sjOh o^~> ^joji j^y i .o -o 

*( * jó 4 buJ Jajhjb Ja ) ObjJi jmJi- jjlc 


CtD Y*^-YtAA 


SJtuHlSJt JLdluU^i 

























USLJ1 j JjLjlilł j jl^i^'łV< JłL^_j4 J^* 4^b JJJJł A .[*} £j*ij Ł^łj jJVj J jIiIajh j 

+ Jj jjJ 1 J3JLyJI j^UyJl Cj{£l$*zla dLuiSjA JLlC JIO JLaJ 

lonization Potential -([onizalioti Energy >#( 3L*Ua) jjHh -f 

fl-aUti ubjliiui Jl Jrt7'n1j jlij J»Uj jtu£JVl JL3 Jvi Łluun A_^*S 3jlUt "ij mlSl Oj 

3ljJu HaLujI JiUji jJ&?Ył * iiTirit 4jlaJ 1 ^jL3 UjlluJ 3>*-^S AillaJl A.>*S JulS Oj Ul (J Lęt 
■ Jb US JuLUi Ja>uj U*-># bjji 3 jiŁfl ^-Lyaj j 3jliit 

Sjltfb UaU3jł JłUijMSlYl Ji* J^Ja y ajtjy 3UjiUl ^iUaJi ji* 0 * 

* 3bjUłl iJbJ 1 ^ 34 jilł 

jjvi ^iui jju^b 3jiri > y y ^0! 4^5 

fcii- ifiłiiłij^jUłij 

3o>*łj a^>* AJbfcw J>jj5o 4Ti>j.u JjSJ 2 JiV< JjilJi 

M —-+ M + + r 

, jryJ->- ±* jtJJam ^Uaj J$ji Jw^So jGjłJu JjiJ * ^dJi ^ 

M + -*■ W + e 

1 **AJ 1 tjl* Jji-lJl Jj-lątT* ji JjV( jj'QJl -l+» Ej Jljj 

3ljpJl ajbail 34bj jry*^' A-y*b Uflfrji Ul£ J^łOJl -l^v ^-a-Jis 40jb jjbJl ,^-/- 1 

kjiij jjsljy 3(jjJi wj!l>. 3 ^i 3iUj u*. 3 jiyi >ł*i * ~i ^^23 ju js ^ aiuait 

ja uduUufl JubJi JI j;i * 3jjJ< Qlmhi 5 jb-uJ 4j&LL» jJł ^ L l tłj S yalSJjl 

, 3jjJl _>Jta3 s 

JLU j 3 J 1 j jJi 4jljJI 3jLj^j 3 JL^I^ll 4L£ jy 4 Ąll ^ U^łj ^ y JJj GLc^^I 1 ^ lj 

jipiuó> 3^i Ji3^lUJUj, 3jlilidirtOla^3 lJ j j^53yiVi J4x JUV 

i^jijy aiLLkłi jaii 

JU43 |JL»- ^flJ>4 ajj^idJl a£j« 9 ftXl ^ AbjuJi JfljiLłO JjS^I JujlUi ji' la->- Mj - ^7 

. j^jsu aiLbi jj jjsji a*t ji s * * ^ j 31 . >3S^yi i^aUsJ y jżawY 

i 4l4^jji ailull 4 ‘ ^ nr JjTaf 1 ^ijLUi Jul ^llll JjtUt 40jfl “4 


MH*U 


0 ^ 9 !^ ^iij y i>ł>i3)J 









I, ^Jjjjl Jjjł I ^bLiH l_jLJ 1 


>U*Ga 1 I 


■ 3 jn-j^S 5 jL> 3 ultjJl JjLJi 


Mu 

_ Ł M(i+ 4 - (ł- 

p Mg iili 

AH=+ 717 lei /mol 

lłl fi 

M«+ 

_ Mr ^ 4 + e* t 

A H = +1450 

kj / 010 ! 

ił tg 

Mg»* — 

—* Mg * 4 + c , 

A H =+7730 

kj /mul 


Electron Affirutj ^bjjjSJYi J*I» -r 

AJsUo ^Lbtj Jjji ^li 3 j-Ii-lł JjjZSJł ęjjJ* G 

j* ^LŁłjU bjTun Jj^So JLU j Jla uJL ^jjt Jja 3I1 bj jj£l' 3 jj ~m OJ JjLólb j * 

i^Jb US ^3 >l£!Ył JfŁl *Jujju JŁ*j illi^^l^J . ddfitŁa 
| Gj jj£JŁ Xf3liJł S-a jblł SjCilł i.mimCi U Aic 3 SIU W 3LiUoJ» - >0£1Y1 J-d< | 

. AJiUlb iill 3 


X + e 


X + a a Ub 


X + e 


-* X (AH= ) 


i JU U5 ^jjjJI ^j jó&yt ^ >Xu 4 

3ibj jjł iUi jjjt JJUJf 5 jLj jj 3 jl>-I^J1 A^^ijłŁi ^3 ^3 jjSJ^\ JU 11 Jbu - V 

3I>JI Jaj ^LDbj ^jlill 

3ibjb „£ł- 4 jJ| jUwJł Jy» U^yy 1*15 lj)^ U3fl i ^3 >iSLiy< (JjIi jii>j -V 

i-jlb* 3I3JJI ljr lb Jflm V U-* LtffcJjJkJ j :J jJ' |4M^I jb u*? jjl JJJ J t-ubiif *->■ jjjf - j£ j jJl JJLdrfl 
*>* w jJL3j J >bJjlj f >40 jŁ*J cJ j3 > 3£jył J ^ 1 |A*^J -ijJLatP >SDV 1 

( ls ) (2s ) 4.V13** <b£,I AjU^Lui JY ^ 3-Ju>Jl AlL* ^ ^UłuYI f -LA >jj >A*a)1 

AGjjb£lJ Ab5b) Aj (2p) kJ £ j-oJi ^j~ih!l ji Jt»Ł) Jyt jjJ->U> ,3jit~^i* 3 j jJi J j£.'Lfl 

Jj3_ł1H 3 j 3 AJL* ^3 Ul - 3j-liil ji^31 ^Vt j^łł* ^Łnmj -^;T( &^bUVlj »Ąl.lł * * ^1 

tJjjdJ 1 * IM ^ ' Aj& jjoJŁJ 3 AiLl44 0 1 Qj 1 J1,d ^J4Ą^ 

j:j" ^ eJU ~ ^ . "Cti Jhuj u_iJul 3^ 3 ^aSUyi Joli f&ba J^j -t 

. 3j jjl jl jm31Lv' jJLc AcLmJ Ubb "MS ® . ■ hirA AIju* 31 jb 4^LU 

- 348 . 6 kJ/mol j^iŁu^^iSryi jSt^*j- 32 SkJ/mol jjii-t 


Y0^-Y*\A 













ljJtaj 4jl Vł >*Si ^jj>3£IYI 1&U* J^Sa J! JlSj * >fc*at j>Urtł 3jJ (Wuj* Jl 
iLŁLnUl iZłluji jJiSUył *jt jJ&Laj 3 j^Oj .Ij.ł^JI jJlSLJYi Jjj& j^JLali 3j3 

- JjJ- 'yL-ał 

Electronegatfrity r^j^i ^JUJł -t 

AlajłjJl iLljo^aSJ* ^jLł 3j>a)i 5 jJ^ ) LpL) i-jóJJ 3ujJL«jl 

3jb} ijplc ^->U) Jaj (4-yb >*jU* 0 Suj^pSUl 4-^JUJi Jmł (4ó U* ^ŁJt 

^Lu^SUt 4-_JL-uJl jrU U! Vł vi i-iąui j dlajt jJ' *Lbj jJ&lj 4 j n» "itł 

A-j-JLuJl jjni 1 L»J m J 3 ^ 3 j jJi ^ j n< t *LŚUa jh ± ż * Yl ji ^ jk^JYt 

. Lł j-lŁ AI=l_lj jil 3 jaJł ^Jj Łxj >^£Jł 

,jia Ul 1 SjIaJI jjr^nfl jdAij jUl JJUJI 3 jLjJj iZłljjJLłf ^ ^Lo iijju 5 

SJaijjill >tadUjJl jJaSi jjldJi >JAjj^jaJi jąjJi 5 jb jj 3 luw^Ic^aŁI 
^j^uLlJ _)J-S 4J jt^LudJ A_*J j 4 ^I AąjJLmJł 3 >^* U* '^ L> >$5Lfl AjjJtuiJł 

. ( ÓJJJ 1 i-iLJi-} aju L ot - Lfl ^d^lui L«£ U j m _> iaji jk^Ji a-taju 
* c?jJ^J 1 Jja^tM ^ajloJl ^jJU (t-T ) JSLiJt jditb^ 

liUĆMlrfLSJ# 

Jjj* 

Ij jjl jU Jk4J Ji* jr 



y*\\-r*\A 


o*> gUh 













































1 t-łLJl 


■ ^Ujii ^uii^u^Jia^Wł-a 

(^jptr jMJbj jU) £d> Wj' JJfl ^^3 I L 4 Jb (Jj^^ni J*I_J 1 ■'■ * J*u3 IJumJI rn fl 

{4JZ: jfj . 3jllJt 4 .aI.) iLUj.1^4 AjY JJjfii »^Hi JlO J Jl£j . jdlc ł_^LJl JjjJłJl Jut^l 

4$JL». 4 ^ 3 . j jJU 1 Ja LU jj fr.Aśfluo Ji3 U4 jI Yj f ym>rt"Tl iJa f*JU& 

4 jl LUlSlgJ Li*U wj£ jJii LU j^Łfl JJeLłaJ j * Jłl jJLŚ Jtflj lUljJUIl j^lj> 

i^Jb L*£ ul JJLfl MJl ^ tulJLLdJl JUJi 

^ : tuijJUli ^ 

. ^Lj a ^J5JVU aJjl-ś . ?tin*ł 3* J-sb La jjilSu Ja ">U -' 

J^UUł Aj LA ^a ^ jjl „ jlijl ł-ajSjj ^Jf J-aU L^ilŁ JłLif jJSLJi .Irtrtl -T 

.3uu»£d£ jś$ j-u=>Cua L^jb wiJjjji < it.> jJ IJJ 4-u»- ljLj^jI ^ 

jJJiJl ^ U jLSU Jja A1JJH laj^LSu tub j ^u£Jl jUUł cbj^SJl jj Jjłj -T 

3 Uul jjLa JJi JS , l^JJ lu jJLw» uli ^ I44 l^jlji jiJś ■ ?i .n i juSJ tui jJUJl J.lJ iJ - i 

-^i jj^iyi 





ii^yi 1 tjl^u W 4^fcJl lJi> 


Normę ^1 1 luijJL^bU^ 

. JjLj j jjSJy b 4 Jjlm Jai 3** j^£b ta>fltSJ Ja ^LA jLTuu ^JJi ^mlUtł -i 

* A-JLlu JjIj^jI jjjT 1 trtl j JudI 3 JI J Lii> i ; i AjJ ^jJl Ju-łjJ tuba jjŁJYl Jv4 M-f-LiJ 14 Jul t u i -T 

.3UfU<j>^S >msUjł 44 'UCłl ji^ MJ( I JI - 

1 .iwinj ijj h3l>JJb La^slSu JfGjjuSJl JbLJjl 3jJi ^Jł <lU^5JI I^Uuj] ^44 Sj*r* 

. cb^ęySJJ JJJLć Jłijii Mli 33 SJ 3 „ Jilj^jJSliryi jJa JUUi 
-^jpJ j jJ&iy 1 i&Lj .*j I^Ju □ juS tul jJLs MJl jLLJai JaUtfJi 

jjfo* I4J ju 3 -cJJj Metalloids J?i jUii ^bii ^**ij j^luii ,> aud >«» JiUa^ 

T*^-Y*AA 


JUULUJ 1 

















iUlJl&MJti 3lJJ jJ' jru jm- 4 j j ij-^CU l^lujJL jij włjoi Mil (tEuj Cj\ JIaJI 

LjIJJL iaJł jL-ii i-fl JiiMJ' J>* I jj£l AJ&lj J*»JUJi Jj&i ^j^SŚIi 

J»M*dj^* jLuil I j < h m i - JjIj^LmJJI jJJLS Ajl*$ jj£j*£ 1 3J^>-Y1 Jv* *ljj*i A^LLćs 

Semiconductors 


□ 

Ol>łV □ 
ui^iłtaUii □ 


IA 

DA 

IVIA 

m 

U* 

V1A 

H 

He 

Li 

Be 

B 

c 

N 

0 

F 

Ne 

Na 

Mg 

Al 

Si 

P 

S 

Cl 

Ar 

K 

Ca 

Ga 

Ge 

As 

Se 

Br 

Kr 

Rb 

Sr 

In 

Sn 

Sb 

Te 

I 

Xe 

Cs 

Ba 

Tl 

Pb 

BI 

Po 

At 

Rn 

Fr 

Ra 








Ol 1 Jii Mil Ul * wlJiall jLmJ jZi Jjl JUll ^ł<j> Jj IAj 3 £L-uśLu JjUJ i j£jJi Ajł>- 1 >4^ 

JfJjfill ^jjjj£lYl JlJIj JjiUl J^>» 2u . JłlJlaJi jLuii jrw L? i£ jJlfl 

<ji& ^ j jJj Jj' -Lay AjJJ 3 Mli 5 AjjljJl Aj^dUJl JU > ,L 'fr l I^luUmI JJbjJ 

i,jbUS 

4x ^4 ą 1I ji jl>^} ^4-Jl jjJj jLtaJl jp# ilrl j$ jJI ^ LL^yi U1S V< 3' j a jJ I ^3 1 

^ 3 * ^ jjJl JjjJI SjLjJj jljjJLULi Jjłj Aj JliJl Aj^LitJM i JUj [ 4 J * Jiijlall 3^ ^pic 
AjuLuJI A^^aJkJŁU ^.LU Jł JbJJ Aj JJlŚ Mil Aj^jUJ 1 '-UJ (O **JiJlall łUii ^Jl J*jj 

-4J| jiś Mlł ŁjJlł 

Lj^stii U1S JJI J .1*11 j-ibJj abJJ Aj Jlilt 3U^UtJ I ji ~=: ; 3 3 Ul >*sł!i ( j - ^ 

. JłLc j.a-^ l' ^3 JjuJ 


t*w«y*u 


0^9^ 'M.łJińtt 










,^^31 j> Mmj -, jUmJ JJlljIi ^ £JU GłjJUiJł ^£^31 Jł ^JuJLuJ 

jjJitJlŚ Jr^aJ jrlck ^3 Ss^ [ £**5 ' AJJiU' 3U»U jt^aLudl 

. UtaLiJ 4 j jlfl j-naLbll jJ-S! ^-Juł* 


i 4j trLdJlj 4 j iri*l ^1 -*l 

s J^U LiU^wi uta.nj e Ul 1 ^ L^jU^ J oJuC «ji JJi 3AJI JuulSi <ji <J& j >*!' Jy» 


co^ąo,,- 


- H,SO, (k|1 


4jdrt^Lj^Ji ■ l jddfUSVI jja j£,Ldjjj<! 4jkub^fl ■ ŁjtddflSYb S^LCr uijlfl ^i!i JluuISi ^4jh t UJ 

* cU a \jł±* 4jłlJl* CfbjldJl £* 

CO^ + 2NaOH --► Na, CO Urt , + H 3 D (/L 

2<JJ> li*t|l 2 J<flql 2 Ijf) 


Mj 13 J^Sb 4 j ju^LoJI JU-^LSYl jóijj * 4jJuz.La ju^LSi jjLc cr t^.4a bi jiliH Ju^lSi Ui 

■ ciupią>>Vi^ łłJIj* tUi^ jlU 

ju Gu^ii jjSu i*iv a^ian o^lsyu u^ji «m j* 
N«,O w +ąO tfl —* 2NaOH iai)1 
K A„ +H P^-- 2KOH iaq| 

«Uj UłL* 4j*bx4 t4 Ajjlc LaJi jl^ojIS Sfi J - l i 

N» 1 0«+2HC4, 1 -* ZNaC^+H^, 

MgO (s)+ H 2 SO J(aq ,-► MgSO^.+H^, 

J^u Aniplioteric 3-a.ijjm .iindlSYl ^^ntj jl^LSYi Jy* ĆJ &£jj JJUaj 


Jj JUtJLdJl JLkfauSi^Sb^O-j Jn jL-»-i-U V< JUjyiiSij . Zll< > JrWł jLifcJI JLjUiiSij - AI,O 1 

» dLud«L^ jUwfcSlS j: jJm\ 3^01<UJLtl3 -U-**l5iS 3_>b J^liuj JUuulSYi .SilO 


ZnO^+H^O^, 
ZnO +2NaOH, 

{ttl Uu 


ZnSO,, +H,0„ 
Na,ZnO, +H,0 

h 2 2imt» 2 


uUau?jI> 




Y*H-Y»U 


jLdluU^i 









t&sdStl 


t ^ Aj_lil2Jl^ Aj ^ I ^tySfcJł 

U_Lo . ij^ ^łU AjJLcLoJI AjLuaJi J33 jMidlaJJ ^jZUl J-lł) 1 atj UiS i Aj A^Vi włj.j.**iJl ^ - \ 

A-j. Ał* bfc? > AJłjJi pi 

JLątJ JLUJS ^JjiVł iLcjykaLlc, lAli^t $ i JU^ljJi 4-c^+Jtll - p 

4 j j - > u JLus jf» ( ,J-łwV Lij-ył LdS p ) _£ jlih J-LiJl j1 j UAS Lu^lj Jj <^Ljjol LśJl 

jlaJ L_iuaj 5 Jbp <LjI JLs^> Ai^pttl j-l^LIU A j * j > jjH u!>US jJJ p& A j ,.\ a i -wt \ 

* A j AjL jfrJ < 2uL«aJl jUJJ L^ul3 J c " — jft 3 jJj p jlv J2j jt^aJukJi 3p 

A*łL*J 1 4 ij irtłU 1 ^Ly .»J J>SLp 3 ^aiS jj- L u ł > p ^ySl JLCl jyłP ji ,j-ŚLa>-VI JjI jLi 3 - C L> j 

t jrMJau>k> ^ Jujwb I^JłjG ( j-^1 LUi 3p ( _ ? a Mó^ MOH) 

3-Lc.Lfl J Jąjj ) hi^jj-LA OlApl ^htl Uł -\ 


MOH . ” M* ł OH 

3a^li 


MOH 


uó#L^ 1!j jjjua kJ KŁ> jt -f 

MO' + II + 


: L4 S ^l Lo* pa App O ^JuJl 1L1 jllll j^ji pśU^ 



H + ^ O’ 

jA4aS 3^Uli Julio H\G Jr\j 3p Jyfl pSl M' . O * ^4^1 3 pS CulS Iillfi -ł 

*3 jlcLAS 3jLŁI pUu O M‘ <jru 3p Jy* pSt O H\ju 3p AulS 1 jil 5 -u 


Y*WY*U 


01191 ^ igajjjj ^błjjjj^) 








j-uaLuJl UUMdJj *Sj3^ t_łl_Jł 


u... j L ^ y ic. JUJi _a3>uj 3a^.LdS ji ^auS J*jGj Jte ^IxpJ> ^ jUj i ii -£ 

-J*UUl 

hjJLjt?ł JUdJj jJkibfeS ^>LaJl JamtjJi 5JL£UaS ^ Jłłuc^J* ^ Jl^UłLj 

,Z(ł jliJl -2 Uj ^SLTł 3 iij mtł ja^aJLill 5 jA ,^1^ duajLuJl 

j i nninlfl A -Ufc _£* YJ J**ju Yj j-u£ 5 j Jjl JL^j JJU 

J j 1"." jf'i n H w t* ■* ^ -V ; j jr.Ti J-- ł Jć łl J jA* >SS> s-jO->.u j O ^ u ^j u 

JkJijjj JJłj l^łą-^ j^J&Jl J^U iZ>IJl£^4Tl ilitj^ j,i Jby jr^*-Jl 4o>lj U£xjI UlS 3 -Ijju^LiS 

„ ^Ja^abkS J O' ^yJj L^jl J^l jlj Jm JJJ JL>J ilj~Wnr 

- wIjCU4Ł3j,j >11 jm^ Y l o l j 3 j JU: ^^Łc. iUM.% <a*S Y i Y ł 5>fl- U^juj j 

,j-a* 3 tJl >-ła*JI 3 jj ^ M | M 0 n {OH ) m ] Aii^T b v5 JL|ĄuiSYł LLLLo $ii 

jf^jjiJLijjU dh jli j^Ł () ( j^JŁbi*SVI ljI jA Jjt jjSi JJLu- jjlt Jja) ^Idł £4 ^$^Yl 


MO n (OH) m 

jj>.. -śV i sJ jj «uc- 

jj^Jj jjd 

=Ji 

■^^4— 

Si (Ol i ) 4 

Zero 



1 

U . .i y'li <1 L _j '.r-> ^ -h 

SOiOHJj 

2 

ł 5 Ł_H £ ^ i 

dO(OH) 

3 



Q 0 V«M-Y*U 


















Oxidation Numbcrs ->■■■<''» jijLci -v 

i Aj Li Ju^kSLUl i jlł 


SjUi ji 4ylŁ ja^j (^JLuJl jft Wf*itl JjUj JA-c 


. h łrł>L^J jl Lu^ji U£ j-* 4*5 jJtł ^ 





vU^\l sit . 1 * Uli fr^JlpA 1-A ^ jj^ł J | _ H I »i r i 1 



: JiUJ! Jbl >1J*^ ^ ^ 


y 


1 i^b U ^m4 * U ljS >* ^ 3j3 ju«SIj ^ a& >*1 * 

wUSj^ji ^ - y /i ) »■ 

AJL> ^ A-*-> >3jLub Lflj t m* i AA jjblSj j; j>Lhj J$jt J^Y > ..Xi"n jj^c jj^So 

Lu>-$> jLl-SLUi 40£ J.I5 ij|j . AjJLuJi LjLji^jYi jJL>» ^ A-JU> 5 jlwbj CiU<>jYt 

JJLa JlS bfj - Ijla ^jLulaI 3jjJ‘ 1^3, Lafl ^jUł Ljb^ jJlSLiyi ^jlci ^JLć Jju JLLłj Jls 

Jlifl J^bYl <AA ut 1aa3J 3 jJJi Ij~m iim^I ljT 3Ji Ljbjf ^iSUYi J-Lt Jju AjLŚ LJLy JLuSUJt 


k*Br, Na*C^ , Mg ; *0 ; , Ca^lCO/' ,Cu ;ł (SOj : ‘ 


Łi«i»l.bM.~tJi CiUJS >*?i i^j - 


AiJJVl jrioa 3jiJl yUl A WAT1 ŁjJLu, ji A-l^> 4 Llib^jl Y Aji Cu^ 

JjaYl 3jJdlj} AjJL* <Ca-£ w Uju AuJjh^S <LJU jJtSYl jjuJIŚ AIlłjijJi ^ ŁujjJ&łYt 


IjQl> LllLlAj <U_^^m4 A W A J-4JŁ1 A-U A-mJL^ 


iaJljjJl^ Łuj^£JYl ł Ui^* ^ ^0^ ,C/ 2 Jliilłłj^Jł - t 

<LojhpSJi Aj-jJUJi ^ Aj jli»~* >u»JuJ >>■ u>jj jY Aj jLihŁi LjijjJl jru 


. (C-T) jjSLybi ■ ULA ^jł 3 .i aSii J jlc pj^Li ^LUIj^ 


Y*H-Y*U 



















i, Kiij irtlj *Sj 3* Aft s l jLJi 


• •i® 4 

•N ;j # N. 


*j> 




O , j**-® * 


H */h 

/• 

H, ^jjW 1 *US> 


C(a-t)jsa) 

O LjJ jJ&JV i 1 I mW A^aJAj-JLuJ! ^ J*JOJLOł« jOj 3 Jv* c ^JjjtJ ł ij $50 j U jjui - h-j 
(tiku jii JLuiSLł j' 4io> u Acij^S jJiSYl 3j Jjł ^4 AS 

(+1 ) AjUS^w* |«1u 4 jpil Ju^Ji i LimSU jjaj (-2 ) jyfl> AjL£ 


+1 /••*' 

+1 ! • • [ +1 

-2 j 

1+41 -2 

H /:c/: 

H 1*0*1 

• o # • 

• # 

c ::o; 

/ •* 

| • • [ 

* > 

• • 

• • 

1 ! 

IC 


: i 

C Ot ^-S >inJ > 






( (VT) JSA) 

OUS>«l^U -2)A^LSj*-*,..<vt ,t..xri k jt ^jiUj 

jluaSIj- jjlct Jj^SLi H,0, (jf^ŁikSVł ^L*) jjLĄiikSi ^^0* jlłuaSVi 

«) = -iMNa^NO,) Ju-iSłj^fl^i^y-T) JZL (- 1 ) jwł*-SVi 

(O = +1) (OF 1 ) l i ł » ii *SViJLjj t jtt u ^li tł 4 J ( o = - -i-)(KO,ł JU«S'| 



C(V-T) J ŁŁ 

Jlł OYbtJł ( + 1) AjUSjj fd 114^ j^jjj^Jł JLuaSŁjj^ ^jSLj^IJIłS 

CilH, r iiłiSLlł JU ji-LuŁ j NaH młl JLj j -L iA jó* mmII Ol jJOJl OlJL j j- L u fe AJL>- 

JUjJuąA >4*0 IJtfe wJLJl Jj^jł <jic Ajj^ji OL5>* L _ r * a 

^^1 . L^i^Lj V 1 ^ -n H I^lll ■ i if JA j >■ JLcLaLj U_Jj^S jtjj 

* C A-* ) JSO ( - I ) Ol JLj j JU4II 


n 


Y»\*-Y*U 


JLdluU^i 






















iS^C^50 


H* 


Ca 


:h 


Na 


?H 


CbHj 


N*H fjfJj-J liji* 


C(A-ł)jŁA) 

i U JUmSLUi '!■■> j 

zero a^ 3U< ^UsdJ ju»5Ulł £>****-* 


^ ^ Lj^ji ji 3 -L^Ij 3 jJ> -LmSilH JJLĆ -V 

4Lc>*»il judUfrj ( +1} UjU IpUSjjt jś (A) A££4 a1i >*?Uc JUmSIj -T 

AlJLci uiLi^ J+£> <ći * ji lA4*uSb iijyci 3uU5a łJUj lU (+3) (A)*iJUJłj(+2) (A) 

. ju-jLuJi 4^<t 1 JlluSIj 



NO; CO/ SO/ NH/ 

a 1~ y Ą 4ć A ■*- y Jf ■y- * 

(-l)w*>ij (-2)^13^^ (’2)Ci\Cj^S (+l)^3_jj>łi 

cLi-ii jM-aJuiiJ CjJltłj ^3iJi j ji7H jj UJ& j-&3 L^ji JUwSUiłl jiJ-c' ^ijijłL*J CaI^a+j* 
i i iift 4 jil ąC A3Lj <-Ź jju J1 j i \ m^lulł Ci M^LdJ ^ Ll*.i£ J I Ju^LłaJI 

l_jLul3Si 4 JI « r AjLi jjlj i . d i 4.W *.Tl ^ 3-łLiJ l^lc ^3 i j *LL3 j jJLSLlI 

Uz3 ^uaUuJi l irAG jsI^lłI ŁduLLj J>SL4-j-3 4 '< -w m 11 jrtjii l^Juz. ^lu hjLjj jJill 

* 5i t ifAł (*l Jl4J Ći Jl^ jJŚ j> irtWtl JlS lit 4Ja jju* jryw 


y*w-y*u 


ouęto 
































i j i L_łl_Jł 


i AJ<5 Lal' i.uii>*■ (El) jljOj^JI JUjjiSjuUj^u j%$ J^LaU' 

K,Cr, 0 , + 6 FeC/, + I 4 HC/- +2KCĆ + 2CrC/ } + ÓFeG?, + 711,0 

* ^LuJl JLłLłśJI ^ ^ JS Jl^Lil ji SjLlmS) ^ ijjbtJł j^m J I 

jjili Jl* uKjj*. ^ jl-SOJi jljLci 'AjOSJ > ?jjS3\ SJL* J* iiUsJi >JuJI 
jrńuśS Yli JUuSG jiJuC-i LujJ^jUl >^UjJi -u*£Li jiju^i V ji yjj 

juyaU*Jl AjY A*uSt3, 5 * 1 *: wij>jj j (+1 ) |*£j*wp£jJi^ (-2) UJUb aOjJłSU 4 Jlc Jl 

lA.i^il j JuLLi ^ 5 A-JLalj Yl 


k 2 

Cr 2 

«7 

{2x1) 

2X 

(7x-2) 

+2 

+2X 

-14 


juY l jJlus - J^UHl kliUj^S j .^ySU Ait 2 -ł^Ij 

(+ 6 ) 3 jLuiSij jLyuSb ijjc j^SLj ji 

+ 1 ł( ~2 . j 1 

K; Cr, O,-► Cr* ł C‘/ +J 

Cr*-** Cr * 1 


3UUc AJ s-jj> ji +3 (jJ| +6 ^ jddj jl 3 ^jj£Jt ju«£□ jjl£ ^Lś jjj^ ^ 1*2 5 
<ul*£ AJ łIm-a*. +3 ^J +2 ^J-c. itj jujjJ* AJL*- 


Kc +5 C^-* Fr* J C^ 





4jL^^V^ sljbX*J y w? +-łj1 I J_Ł 

I Jjliąjt JójI jjl ,_£ J | .T * ^ ill L ; 


i y*w-t*u 



























i iuJLUl ObL»* Jjfl Jąj 4tŁ^ŁuaJi AjLv yi jJS-) 

m ; , r ,l, «łi ^ łłjji • ** ^ic 2 u*jLuJI 3 jjjJi J>aJ 'i 
4*>^w 5UL--1 

iLuA> - Jl 4JU j l ~ £ 

* * • * ■ Jb Ol jJi 5AJI j^*~u 

<U>^4 j-L-allc - w >*j 5 L^blJ " * 

^U* i a j J a I f» jj jjj£]yI l^Ljj - ^ 

....... 2lO*VI Ol T 

^J^jl ,30*11 I - y 9 jiJ* jlaja uOl**S -ib - i 

Lu ( i_j 1 1) - J jJaOJi Ol-*j ^młU - £ 



H+ 


-ÓbO 
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JLUj (Cu jj .3:jCl« CiUj Aju ji j,£j^£jl 3 j .j jjTw ji JU Y JUJ3 .^ry^l 

^ J^jJ .Ł>liłl (2p) ^>Ji J 3 ^X\ JULu^i (2s) JLC*JjjVl > u3j^\ * 

jJLiaJ 5j jJI t-jLdSl 3 jLi Ył Exci(t ł d Stdt£ 3jH4 AJL>* L^jU A\ l_t^ 3jjJi 



JjjttluJtitfl Jl-JULu^I 











































3j jJali jV* >j£1V i Ja J£Jj - 3j jk j Jjbj >2£J1 A*j J jjJEJ* 3 UA ^Jł 

5 Aló,l5lZU jLŁJtl ijk Jajl J j jVł Jt -L>»ji Cu> . AA&l&U 

hybrdization g^^jli 

JiYLLujji 4 Aa jlUuj 3 jlUl jr-^i ^ jJtSi jł J^olldu JJLLuj^l jru J-il JJ ji Jibtj i 
J! jłjJuLj ^.i-y 4 j£jl j j jJ biiu U JLUj JUL** 1 JYLIjj jjj YU Ja jjłj 3 jj Jj* Aj j j 

JYUjjjjYI J* oUj>3JO! Aj^SJI Ja UJO*j (2s) JLmjjjY! JjjjSJt 
ĆriJL^ > JuV ćtfjd , JLLuj^ ^ł^Tt JŁŁH AjUsJl > JS ^ (2p) 

4 - ^ LłJfclH jJA jŁaJj AjJLSwJ JYLLuj^i JjujI L^Aa £lAJu Jjj^SUl 3j3 S Ui Ai Jjl 4 ^ 

<Lkj jJkJ 13 dL*ijii 5 jili iJYLLu j/i jru A*Ua (Cj 5 * hybrdization A*u*j 

AJa^II JiYLLlj jjVl J* JJLA jLllJ{3d) (2p) * (4s) £* (2s) bil* AjtfaJt ^ IjiJinj Jj 

wVOjJj 1 Vl jSLi 1 CłI^j ^yHTł <Ł*5 itl wYbjjjjYl jjl»J jL 

i _ r iA L<pj JJ J 3 SJJ £jUJi IJjjj >jS' j$£Aa LtfAj ^_JUi A -iaJ1 wYCLu j^V1 Ja 

. (V-T) jSLi 3UaUli lAYLLuj/tf* 3j JJ > .jil J*ij3Jł 





Ja 3jUa JS AW^lt GYCUjjjYt Jb 109.5 Ju bt^JJi AJ 5 

J^J JJLlJ ^^tdJb H __JsJl jji ^>V) Ja b \ * JS Jla L-i-j j > Jj-jjSUl 

Jjt J\) I jl j^t~ n4 ^ jurt7itif 109.5 JlYLLjjjYt JrO bljJJl Jjt£j U J .LXfl + L^J-O 
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JjUłjJjjJi i JjJbJi to Uli 


Aju j V> 2jYUjj^jYM *UalSJll <jUj >a5J> Aju jVl jj * JjULjIi ^Jo^SUU a 

. (A - T) Jii £j^>Yl J#*ijJL^Jl ^1 *^5 jj£l| 2 l*j jVł go 3jJJ (Sp) 

t ^ U ia> ^bj 

- 3jjJl ^>**3 uVUujji Jru 2 j jaj -' 

Aju jjJk 2j Y Uu j^Y l Jru Vł jrvy$“ll o J a j V -V 

. AjflUrall ^pje Jo 

oYUu jjYI JjYULu^YI J Jjz -T 

. Lajoj jta^TJi Ajj<r ^ AJl?L1jJI 

.j-iri Jbo ^ LajI (sp ) Jta^j ^Loidjj JjSUjf 

(sp ! ) Ć>&jS 3 J 3 J 5 CjH, Cel±SjVl Cf Ją O JłJjSf 3 J 3 jj»łJ ł*i 

A ■* !*<? ó a jljlj Aj> JlIJ j 1 <ńjł ■ . -•>~ j j . (A - T) JiSLi ^^JLi 1*5 jj>^tl^ J jŁaj f 4 J 

(2s) 

^Ja >CJ a .(sp") ^ « mj IpJo !tf£ A-ą^ wYUu AJ AJ MaJi *uYIlUj jjYi jlt Jo jJJujj 
. 120" U^Jw-ł Lł^JJl ^JlSbYl jJLaj^ifi* i ^-LłLJI^JLu 

^^Lg. bJ>*£. JjJSuj . Jry*4jJt AbUr ^ Jaju {*1 (2p / ) łuYUu jjYl JtAl sUUfc Jl gua^jj 
Jjjj£J1 jjjj ^ AjUr kujJlA Juuj (sp 1 wYLjLujji Aj MjJU jQJ ^jJł 

i L*A> ioYLuJj^yi Jru JaUlJi Jo JLł J uJu 

^J- 1 * C * s ) £■* (sp : ) uw J*'aj - i 

go Jjj^S 3jjJ ĆJUTI (Sp-) JUojjYl Jru >>►» (C * H) JrCJbjl>Jł 

Jj» £jJUł tliA ^4uąj (C - C) Alaal jJi ^JjjSlU A_óbłl 3jIii {Sp J ) JLIąjjjYI 

- to^ ^UjoJóJI Jj YCUjji^YI Ajjlkll Iłłj laol j jJ( 

Alajłj tjO-Ł-J AIajI j ój^5JJ J^jj jS j JJ (2p ; ) JrJLLujru Jo-1 JJ - o 

* ipj - 1 iJtH 
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kljLojjjfl JUŁ&lj i kŻJljJl wUJl 


^ Sigma Bond ( g ) Uau^ 

J JjYCUj_>jVł J^SL» ji ^Jb CjYULm^ jY* J^1a3 L&Jbj 

(®P ) J^łju ililś JLu -Colinear Overlap j^i_* ^ 

JjS j,U (S|l ) JLLo j^Y' J^iJLi JJJjlS . jJsĄęJi j j jJ (Is) JUwj jiYi ^ ^£11 

JSLi ^ dl)j fc^aJb j jhlUJ Yt ^Jj- ^ ^>£■ Y i J$j j£Jl ( sp 2 ) JLLu j j Y bu j-#ł>Tb 

(ł-T) 

M ^pi -Bond (K) 

jMiiJuH ^YULujjYi JjjSb ^i swJu^ ^1 bJL^ j^j ^J Jh L*Juj 

JULujjYi £• (2p / ) JLLujjYi jJ-i-u ^Ui Jii* Collateral Overlap jbi**!* 

• jl^y US j>ii Z&jS 3 jLT (2p ; ) 

JyJajijj 3jl*Ij Ltauu LLi.it jj U$Jł.«tj J>j>£ ll d jJ LJpC H j*^"...vi j jj. ^j 

.{“i-r) JŁi^^ 


r*w-Y*u 


JiilSJt^LiJt -L-JUL-wS^ 
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jru J> jjGV' A-iL^c Jbu AjI (> * - T) Jy* *r iń7j 

t>* (2s) £* (2p) (2p K ) JLLjjjjł 

. (sp) u <mj L łf U JS ^Ubt£* JYlluJ^jł jjJ LLuJj^l ^JbŁ 

l(2s)+l(2p)-^(sp) 

JjlSLłYi jJLdj U^^yi Jnć JjIJlłLlj U*jUa jęJULijjjVi j^LUJi ji^s 

J* JljUvUi 180' U^LuUiJJi 

jrujliJ! J* JSJ AjjjJl OYULujjY' jru Jj-ULiJi uJLk j (ŁJ (2p r -2p ) 4.il»£ 

; A^jYi lajl 


Y*\*-Y*U 


^iu^D)j_ój^j 







































CjLłjJjsJi i iżJijJi ł-jLJI 


JjkJ^>SJi SjjJ (sp) ^LLu^jjSfl jru ^łjlb j^łjLUt ^ gL fJ uj i Lł ą u^ lajljj - 1 

£* 3jltf (sp) jLUjjjYł J*IJU > JUllS iŁ fj*Vt Ijliił (sp) JLLujjSri 

- 5-A 1 ( 1S) 

jrujj (-P v ) tIL*j< ijru wJb&)b Jy* jroJo a i^£b lajł^j - lj 

■u*^’ ayi 1 ^ 1 (2p,) 

VSEPR iilS^łi Cib* £l jji >Lu LłJ OUj>fcJi Jliii 

^Ja (4U ii jl \j 3jjtfi) iZilii>lSUVi jrljjl U^j ŁjLljjjtJi Jl££i * all-kj 

uuaj * c >*JJ Aj jSjll 3 j jJi J jiJt ,ji p j »a3 Ą '*iS 4jJhS> 11 3 j jJi oYLLu jjl 

>3SYi >U^J| 

Jjb ^<ii> >3bJ 


- Y*H-Y*U 








t J^lSLUi a yjSJ\ ^rijjł j-aUu > < m ^ iLUuJ^i jAłJ JLŁLi jjYt JjJLsJł ^Łyajjjj 



^ AjjJl jJ,1 SjjJLł 4 trtil jX I klłljlijl J^uP X *U>£ jJJ J J,1U1 A 

5> 3 tJi wIj^ ^jSsJV 1 jrtjji ^JiU-3 E 

£ji L?* JW ^iJ^ 1 (* 4 * JUJWW Cłlj£ jJi^Vl £*>Jł ft&ŁA Jj 

Jy* U^l> 1 j rti“^* *2 u^£ jJM 3 j jJ' Jk* lino /* J-jSJ w U .j^5JVl 

.^>■*'***1' 

. tlr^uJ>1* jrp jIUi ,^ji^jj Jjj IŁiijl ja j^ŁJs IsUjjYt £j j Ui 


r*wr*u 


0^9^ ^iijjj 'toljJ&iH 




























JLSL£. 1 j I kiJijLTl wUJl 


VSEPR 

^$1 j^Uj J] Z$j£pii3 *Uj5y|t 3j JJł ^ 3>stJl £ljjl zJaL ^>i 

iS J^tf ł 4- JŁaJi3>J( jru błjJJl jloE* uU> JjSbj < L£jLa 

1 J±ł >alJJJl oB^r* f* bt JSl^J 3 

(i*Lu ji Łjj ,Isl-jji ęjj) < (l»uj^ £jj tj* Łii) < (>*■ Łij) 

jlibll L*j yjk V 1 ^y£. clii A j i*1 ...“ti Jajl JjJI Lii jJJI j * ;■■ - 1 ' ■ *1 ^ 

® j^u*, U a y-3 



- li_ji 3 jJt 

((u-T)jsa) 


Molecular Orbilal Theory A-Uj^jłH ^LLu^yi *Ajj&j - 

JjLIjJ j_35i jl J[0j!i j>*> u* >ą2c* -La AŁaUj Aj >1*4 jł ^ 

i_jJLi ój -CiijUl j2ia jtlj 3U+AWUI AjjUl U^jYLLujjI j^aji 

>3iyoi' 3 j Jjl ^3 US l^jYbkJ lajijyJl ^ UjLiJ ^nJ kJ Ul AjjUi OYLLujjYl 

3 j»i 1 1 “* 3yuS 3 3 i ji *3j 3JL^r 3 $ l^J -?^ 1 t-J j JLfi 4 _ł1j kiłYLLujjVl 2u jlu ^Lfl 
LtS A.lu^> IjYlIajjjl Jy jlS-lJ Aj j jjł hjYLuJ jjYl ^4> jrJJ 1^3 u±u Aj>j Y( 

J^tjiib uV L Lojj^ LA.>I y^jj jJl .. d. p.S AjjUi OYLłaj j 5 M) yy 

-fe 1 !-- ( 5 )CJj{TT)^b(0) 


y*h-y*u 











- ( Coordinate Bond ia_. 3 -i~.~ti Aiajijjt - T~/ - 



oijjjisjyi £jj jjsii uiuk .Liai i-* > V| jsiiajijJt > iiij.MSjyt 

Jjt) - l1*(3 J4juSUU jll jlllt ,J* 3ji JS ^U-łLluj Jył ^Ltł^LuJJi 31 *j 1>il 

i^ł Lone Ptiir 3>ajt Cilj^>3£Jyi y* jrjj ja 3Jb^i>U ^j£ŁI >3£iyi gjj ji 

i óa Donficr 2 bulll 5 j 2 Jl jrujóJi JJ^\ iJL^^ 'tfULuj/i Jam i 

jj^jjJi^jyi £jjJt iIia J\ £^li JLLujji I^j 3 ji £^Jł 

Jli* . Acceptor 4 \j <t~ mtl 3 jlłJU 3 jUi j JlA w -ł^- »j tiuLjjl ^5 ^JiLjy( buS jJJt ,jji J—łJ 
JLłlj iV> .« LL( ^j& Vi 3ui3ł J*Ic J^SLIj ^oji [H .O] JjkJl tiUJ 


, (1T - T) J&i J^LłU. 1 *Ul jjJąjJt 
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O ,^^<3> 
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y oLjj juS^iyi £jj I H ] UJyic Uaji 4 a3^L'iTJi *lLłjijJI J 3 SL 03 


- INH J + uW ł Ji*"* J^Va 41< j^UaJt 'sy* ^ 3^4 


Y*W-Y*U 






















CjLłjJj^I JUŁ&lj i ĆJUJI wbił 


i 3 *uUjuiJl JUjI j>N i IujLj 


Hydrogen Bond i4-Cl-l^^ 4.1411 4l*jig»hT> 


i-tSiLuuJJU IjL*. Ajubjt* 4^j.jJl JsliA j^_LaJLJ jj 1 00 X $i 

jlŁ <J!U wS^ Jbić 4L^jdu A* jjJł łjj - Wnift 1B g/mol iLJ^tk A 1175 cUl ijX* 

ji Jt ^ jjJłlLi , -61 "C >-Łlt fc _,Jj^j34 g/moI^5X< JUljj^S 

, <Ll^ji1_uuJ( d*C3*43tU Cu jmSUI j.mu.j j^t-M*SVi JjI Cm , JJL13 sUl JjLiic- 

4_JIl£ A j l^LuJLui Jb ^l C u g^L&kuSYf 3 Jjl tU,l JjLJlc; 4_>.j,j 3^jL3 
4 -mJLmJ 1 JjjJiJł ijtflJ A a Cuj *( 2 .l) 3 jłJLt^Jl 3j jJ A^u^mjSJł A-uJLtoJł L+JLu (3,5) 

J^jłj UJLu .i(Ljj> ^LJLlj jtvłu»SVi 3^3 J-+jłj Ii *Łrvfc *UJ j_jŁi Tuj^SUi 

,jV5ujiSVł 3 j.3 5L.W i**Ii 4y. mj j Łj>4 W t* Dj3 

jJajilUj^Jjia Jyfc l^iń^y CiUj4-j3^!u *U* ^ <^S*$ 

3jJl^J1 3j 3 gr jirtl j?l.CoJL>J1 j j_ii"t< ^nn% A-C-j* 3jli1 nłl jfl ŁłLł^JjJ^JI 

,jja CfLuJu^l łj j" <r1ti . 4-JLć. 3 Lłj j^S ^LulLw U*J j^n^uSi ^jJ ^nj ^L*łj j m «w j,1 3jtVr iS 
JtSLSi lu CłLb jjfcJ I Jcw>3 4lul jS jr^*.3 JJl_^J i 5ji jbuutt l^u J>SUj j-AJ ^T-aJuJl l^Aii 1 




^ iUbCi>4 jr^-^jJUA 3 j3 JTM L£C3 <Uou1 j i jJu^Ji aIłjI ^ 

Cil 3 jjC£)Vl £jj £■* [ (N-H) T ( 0 -H), (F-H) J*«| l^.Ua^uuj 
*(N i Ot F JLX* ) 4 nrt yj-* 4 _u^SJ 1 ! L^.i.j.JIw 4 lnj i jA ^'>jb 3 jjJ 3 




Y*tt-Y*U 


















laJljijJN j j rud ^ Ji~ ml AjaliaJl jj ^Jj cU< J>UJliL 4 _>-jJ ^LaJjl JJju^ 

j>juł ,jl Vj jj- Ł i fl T ł 4iajłjJJ jjjLUł . Aj w-y jjJU^Jł 

UH 3>^ ł J$4js}t .'<UjLłP Jajłj^JI £$1 IjmJLS jSi *LLłj 1 jjł 

- ^dU>Ji jnJL^Jl AlaJl jS ij 4U«AU:JI 4lnjl jJł 


iiajijji Sjji 

dllJiljJl JjŁ* 


418 KJ/mol 
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3U»iSLidJl AbjijJi 
a j JuU’ Al&jijJ' 


i Aj,4^1 uJ,J < '4la_jljJl Jj* Y 3 I 0 jm5»j ł jjj iS hJ^a^V 'At^iijH J< Ja^^U 

5 Ju>-i j X*L^w1 3UL>jjJUtfJt AiajljJ* £-oj Uju£. I ^ln;łjJl 3^3 jIj jjj 

^n_>- j j- JL^jJ 1 H O cUl wUlj^ą ^jhJLa tJ 3 LłS ■ 4^ itn<i?t 4 j hm!1 

l£j ^j^Sfl sjr>^jj-t^Ty 2 LuJLuJI ,j3 JjJjJh ilaJ j UjlIjc j. HF 

. SUjJaŁdJl jjlł^l jJU 


JSL£ -La3 jJ-bLZj YlSLil jj JurfS ł iSl£ obJS^JLt jl^Lj 5 
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lUjLłjJjjJi JLSLu. 1 j i bŻJljJi ^jLJI 


Metal lic Bond3ujiAJi - T )>- 


Ut »A.i.>-jll jJLft ^3 uj j33 - jryt* ^JSLi dUj^b AS-ii >J3 JSU 

3^> Ajbbu Aj^SU brf 3jj JSU jLiJi AeLbJi jlijjj iljbjjJ&Jl 

^l IL u Aj JJJiJ i aLłjI jlt Ji ^gi . A> Aj JlaJł 3 Lj>jY1 3 * j»4a£Ji ^ł^3Jł I Ab Jaj> 3 ASI 
^3 A-uwJJLoJf Jjbi^ji jru ^3U3Jl ,J^k JliaJ 5 >j*J< ££l£31l wIjjj jJiSUt ^Ubu 3* 
.3>ssJi >fl^SLlri iLbj j^SJł jjł 3>ijJ3Ji ^3 ^ j 1 ^ jju j /AS33J! 

«il j UISLi . A_ijiAJi ilajłjjł 3^3 ^ U 44 ijji jliJt ^3 ^ISmJI Gbj >&Ji jaa yhj 

jJUULjj* . ISUjUj jJlSi 3 j^LJ ł ^3 kjijjJl r^> i rrti Ui£ * JAłU 3jj ^-3 wlujj>3£li iJuc 

* A-JLł J3L*. ^jjtSu j 1 Aj *jLd j35l J-bJt 

3h» f^j.tii^3Ulj JjijJLdJ jIl& Aj jUL* jlIa dU3 g?JVIjj 

AaTH ft 3 jj-aLlc 
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łiU^*lli j pj3j» ł Jl Iał jj Jbi j*j Ją«aJ 
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AjH i ćJljtfl ujLJl 


i jj Ja* ^ - A 

. (^b ^UiOilj U-Wjm 3 JL>- (j.A^jLu ^j,J jXfl j A jrU 4laJt- i 

-i>b jLUilj aJLfcłj.^Ltii^O jru <Uaj1jJl -U 

( S P) ł&»a*>- **>*" yJJ^ ^ JS r a^LuJ - £ 

.Isubd (^iU) - A 

I JnilOj ,JJ* ^13 (sp 3 ) J^LOjjSfl -1 

P £* s UJ* - V P - i 

P £* s -* P ^s JC-ujJi - £ 

**31^ <il* >>■ jyjj jSmJ jioiuiiS V* (jgUjd «ibSl Juuc -V 

. 3 JLa»1 j % _i « LmJ 4UaJi j ^ JL» IJ U jLuJ 3 jA - \ 

.2Lu\5Jl 5j2UJ bjQ/>2£iyi ^ £jj jrjjj jJł ^JUj - w 
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4 -iltJ ^ Jjłi j fY (3 f 5>£ll j I Jił l&jJft jSjlł ł Y C »\JJLoJl jóij ( £) 

Jy* 4 a iV* j^Sbj jumS>* 4^i jlitii J>*>- passivity J^*^ 1 *>Aiia 

, JiLiUl Jyi ^JUj Sujtj JuaLma j^Ł Ju*£W 


-< ^:NQ 3 iljł^uŁjJl ■ nniS^tl 

i (Brown ring Test) IbJUJi A^LstJi 2u>*j 
. (II) 1 GUb >JiS Jy* >S>* J+ wł >urł £JU J$bł>i - \ 

AjjjijY jic ^W 1 v M^b >£jil I—Ly U JA4> Jy* łjl ^U'a i rtrPii -T 

JLuŁfljYl grlii.i juul A -J u 4 nU j$tVł jAJ3-U Yl * Lfl^1 aa^t t-\i^ i jLlL>-Y l 

, 3* £jJb 


Y*WY*U 















4.4-WI.Uł Ljlc.>4^Ł [ J^LU! : k-jLsJl 


2NaN0 3|łq|+ 6Fe 30^+ *^$0^-- 3Fe 2 (S0 4 )^ t Na z SO a 4HĄ+ 2NO (a) 

Fe S 0 4 + NO --^ Fe S 0 4 . NO 

<*tałt> Ijtt * KI 

ri ji i 1 1 ! 


OljJL*.U> l juu ■ ~afi ^ >- 


£lJL«1i }£**1 _m jd4xj 4 iń<^ «łł Jl ujG ą Jl4j-j 4^LdU 

. JllłJl Jr^ ^>11* Jlj 

5KNO z + 2KMnD 4 Hh 3H a S0 4 --► 5KN0 3 .+ KaS0 4 + 2M»SO^ + 3H/^ 

.ul >yj i ^4i ^X*Ji jLa uLąkJ jjJ Jłj j f* 4JUw 

.Sb. As cU^TumIj 5A 4yc^<jŁ<JiL-i^Ui jLJLj^-i *f j_?*j J^SUu V t jLLc 


5 A ^Lu^Lkll j^ljLLjJ ^LijLuŁ!LaVł 



(A-t } JLuIi k jr^ jjJuuJt 


« * Uj>* vi jl£ 4yćLUa * 


>LJJl 4 JUh*<YI iii LLu3 - 


Jliou ^jl>- fjJuuJs JV .łjłjLtuJi Gil jUbł -U^JJ - 
^ili 2j^u ,*jjJ . LAjhuut GjVl*l>-ł ^ja 


4 j j^faU Jjułj ji ^yjl 4 fiUVb *£»J 1 Sjlj^ 


jii 


ule J^Gi^-U ij ituTi v >uIslIajJi fj^bSl c JU » 


^ - * t< . jjGa jj! ^ "■ ^^Jś 

JLoj jj JUm*T< jjG-ŁUł f* <iTt"ifiij 


( J-JUJl) 5 -Lha1i £łjji w Guu LiMaJi 


(T) 

<LL*VI LjliiJł 4l>c) ^ćUm - 

4.j.T>La.ir^iJłt r ,vi ^lc-LL^ - 


c-5 t*h-v*u 





















, j^ćllu + j-J i aa fl + j, jil M f >4J>4 im UIjLluuJI jJ .1 1.11 li 4£-Lu^ - 

. JjLuJI *JbA £jl>* LgJU^ini 

* 4-ijLJl <_j|jtłVl 4^1Id - 

( 4 j 4 rjJ i JuJJi_i J v~> ł r ) JtJjjjJt {^) 

- uij j ^i i rtH j Lj J .CSLJ Iji Cłt ( b 7 J-& (^Uujl j juJid wl *!>■ yU 3 JL»S ^ I-V" ■ ■ ■ j - 

■i L u^ jJJl» ^jji jlla^ui ^ >Ł*J j*- < mi j ^ jJl ^UujijJl 1 LUuSi h 


i3j*«jVh*) 

SUui^-łjJł ^Lj>J1 klłLj jliaJ ^LcLlua ^ ^4Śklu3 ,^11 , 3^^ 4 -łIlLj - 

* L ^UajJl Jy* ł ‘J -?i i^j V 

f* j -t V ł ■"■ ^‘* ~3 * “ i j ^ 3 Sl^Ti ,nT» u^Ls jl< j| i npl ^LLaIluJ * 


3LcLu-a ^ tlijU^ 4 jlLLj ^ ^3^4 iSUlj ^yoLojJl - 

lifc jl i< iL>^j ^UiitjV 


S»> 

CTviji^j!) i 

ju3¥i j^iUjor ujjj2SJ?i i^s^att c& 
i I^jUS jjł ^ 3 SŁ4t Lk JUuSU j^i f%j i jU&LaSti * Luli Li^« -1 

w Cs - „Kf^-Ofcdl 

tfi P jj-Lw^yi - 7 N 


(tfśiaii'jt^ip 

- j^jLł^l' lalil.UU ZjiJJJłJi ^x*Zj-I 

* uJjVl Cj \jii JUjiył jlLljIjJ 1 3 j3 Jud-y 

. 4-y)>d Jxj£Jl AfrULd Ł7 A j mTl ^Udbuul - JT 

. iZtLal^LTl JUx«Sl >J>ui » 4-J> 


r*H-r»\A 


ouęte* 











U>Lc.>4^l< j-i-allill I Jj! jil wLJł 


. _>> * lala j jj- * UJł t Jjbw' ^ JuŁ -ufc 

* 4J. jUJl 4 Lc,LLm> ^6 ^lił>04 ^1 V>~u i ^nLc - j 
* AjaLoJl <L^L^».lŁJI U5Uli * ^OiVl ujljiit j j^> ^rli«-Lul ^ ^ j- j, ~ j 

* j^UUuJl JUmSG ujVLa^ 4 Juu - £ 

* ^1 j>j ^ ^jjmUSJi jll*U Lu* j mmj- la 
* t-fl "^fllirt ^T& Jji \ IrtilTt j f ^u*4 jlSJl _$ gdLd>JI J4 /LMjin ^1 ŁTł1*» T > - J? 

- JLu*£jk< JjiLc, JLUjJUJJl ^rńff*- J 

. 3 jlsjl- JbUt ) 1 Lł JjM^' al+du fkł jJłLwI J inrtj -J 
. LjjjjiVl JuC i j-S j-łJl JJm jjjiS j jJU^Jł jrn v jMjdfcuuu^j* 

VJU jlaJ ilHjł jritłl tZitjtta] JU JjJ ^rrtJlJ * Jj 

- 4lAf iL>> 44 L 4 S jj! ^JPhdUu4 

t ^jJLj L*4 ^jS i jL^r Jm^ 4 J * < 1 ^ ( Tt^Jloił ^^hluJI) 

*(fc£J4£rfdlt uJ jJLU 4 j^waJl urf jjj-i 

. f* jmJu*jJV 1 iltUj^jSj ^wlnJJi Cj Lu >*£-!_> 

iuU^j^S ^óaj AjjjJa guj.frJ ^juJl 4 ^U-»u.&Jl 4l4till < ^ a I S> 

» jLcLuoJI ^ ^>uaJ 

J-ł-fi 0 i£. A_uYl - 1 * juJ 1 jJll ^uu* 5 ( t 
- ii UJ i - , >j„ 7 r .i ^ Vl - J j JU#J' " ^ aŁ> 


jł**# > JujmJI ^ <lb >Uxi iii Lu <_USl ^ Ji^Jj) 

»^JAkLik«ll 


dj Y*W-Y«U 

















iAj«£3uII<LiL».yt j^l ( yjL^Jl JI^Jl) 

..- ..3^ $VI 4^5^11 ^»Ll& ^ 4j jldJl Jl JJj -t 

ł j t ■■ * i T t- ^ 

* jl^uYi 3U*ji -i * tj jźl\ i-k«Ft -T 

.4.. . *.. ule 4 j jlJfcJl *UbtJl <ji ^~lj 

JkfjjJ -T 3d>lj5j^^ 

ijIj i £Jji *1 Qtji -T 

..JL£ JU^LdwU *L*J1 ^jjmTŁŁJł JLvikjLw« JulLaj Juul- JT 

La**Vl-* 

■J-TJJ - '-** 1 Ł j •^ l jjjli -i 4ljj3^5ll j^j^i«T 

...jA I^jLąS^* k^i 1 ju^Llc jlu*SIj jjlc -j 


(+2)-t 

*-S» ^OjŁt JłJ 


«Vul 


(“2) - T 


(+1) -T 

-0^11 JL. 


HM 


*51 —ik2^j 

. . 

jęttaSYi - r U*d&-3J***+4*' * ' 

JjjjSJi .łj.^ 1 Jji -4 -T 

J^SLUj jLil *t * jjiCj j. i 41 h* a ^ >-L^J jL jdJ^u ■ l 'ir “j 


b i tiił Ł 


4 Jfj ^tAduuil 1 


r*****'*' *< *4^ -* 

i (1U 4jjlSU+ i J jyLdJl J_gi3Ł* ^1 uliJ,jjS J-* J ji^4 4i L-flł .Itf - 3 

—-- 5-iU JjSLZi 

* l»kjuj -t *(a^ui- 1 i 

.* il4*Jl |**o *-> uf^gjl *t^Jł i> j J ■ *<*! aa^i» £>^ ł 

* iZł!^Lt LóIJi klłYiLiŁ# a_jC£ j iZtOLiuJl 


t*\4-y*\a 


§jLi>JJ J3 )jjuj3N 

















